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ABSTRACT 
Part A: A relatively small number of genes was 
found to control resistance to wheat andlor rye stem 
rusts (Puccinia graminis tritici and secaZis~ 
respectively) in SecaZe cereate. Fourteen such re~genes, 
of whiFh eleven are believed to be different, were 
identified in a conventional genetic analysis of four 
resi~tant inbred lines. Two of these genes are allelic 
or tightly linked in repulsion, but the majority 
appeared to be independently inherited. Of the eleven 
resgenes, nine were isolated in self-compatible lines. 
Part B: The efficacy of homozygous mono-resgenic 
lines of Secate as differentials was demonstrated when 
several of such lines, derived in Part A, were util~zed 
to establish the existence of at least six strains of 
P.9.secaZis in Australia. Differences in virulence 
were also evident among putative hybrids between 
P.g.tritici and P.g.secaZis. The procedure used to 
differentiate variants of P.g.secaZis and hybrids is 
not only economical but, because the stocks involved 
are homogeneous, the results are also readily 
repeatable. 
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Part C: A self-fertile genotype that is susceptible 
to P. graminis would provide an ideal genetic background 
into which genes for resistance identified and isolated 
from Seaale could eventually be transferred. Although 
an Iranian collection of s. vavilovii was found to be 
susceptible to many formae speciales of P. graminis, 
its usefulness for this purpose is limited by its poor 
agronomic characteristics as well as by its partial 
sterility with s. aereale. However, by crossing the two 
rye species and with rigorous empirical selection in 
several hybrid generations for susceptibility and 
self-fertility, as well as for aereale characteristics, 
2 
it was possible to derive a number of agronomically 
acceptable individuals which cross readily with s. cereale, 
and which give high infection types to stem rusts from 
Triticum~ SeaaZe~ Avena~ Phalaris~ Deyeuxia and Lolium. 
PART A 
The Genetic Basis for Resistance in SecaZe ce~eaZe L. 
to Puccinia g~aminis Pers. formae speciales t~itici 
and seQaZis (Erikss. & Henn . ). 
INTRODUCTION 
The existence of Puccinia graminis Pers. forma 
specialis secalis Erikss. & Henn. has been established in 
Australia (Waterhouse, 1957), and it is known that cultivars 
of cereal rye (Secale cereale L.) differ in their reactions 
to various strains of this organism. Moreover, the ability 
of P .. graminis f. sp. tritici Erikss. & Henn. and certain 
other formae speciales to attack some plants of mos t 
cultivars of rye demonstrates the heterogeneity that exists 
in the genus Secale. However almost nothing is known of 
the _ genetic nature of resistance in Secale to any of the 
various formae speciales of P . . graminis which may be 
cultured on at least some plants of the S. cereale. The 
3 
study now being reported upon a.imed to clarify this situation, 
to isolate the genes that are involved in resistance to 
formae speciales tritici and secalis of P . . graminis, and to 
relocate them in self-compatible stocks that would be 
suitable for differentiating P.g.secalis. 
Since S. cereale is a naturally outcrossing and 
mostly self-incompatible species, it does not readily lend 
itself to conventional . genetic studies. Self-fertility 
however can steadily be improved in some lines thro~gh 
sele~tion with progressive inbreedi?g· By this process a 
4. 
number of self-fertile inbred stocks have been derived and 
maintained by several rye worke rs (Rees, 1955; Heneen, 1962; 
Morey, pers. comm., 1972). Such materials are obviously 
superior to open-pollinated cultivars, and in this 
connection I a~ indebted to D~ Darrell Morey of the Coastal 
Plain Experiment Station, Tifton, Georgia, U.S.A., for 
supplying the inbred lines that formed the main parental 
material for the present study. 
LITERATURE REVIEW 
The literature on the nature of genetic resistance 
to rusts in the _ genus Secale is exceedingly meagre. Work 
most relevant to this study was published some fifty years 
ago. 
Mains (1926) recovered a wide array of reaction 
levels to stem rust, leaf rust (P. recondita Rob. ex Desm. 
f. sp. secalis (Erikss.) Carl.) and powdery mildew 
(Erysiphe. graminis D.C. secalis Em. Marchal) of rye among 
the progeny of highly resistant individuals regardless of 
whether these latter were selfed or intercrossed. Although 
his data were numerically deficient - an instance of the 
self-sterility problem - it appeared that in each case 
resistance to the three pathogens was inheri t ed independently. · 
A segment of Imperial rye chromatin beari~g resistance 
to wheat stem rust has been translocated successfully into 
hexaploid wheat "(Triticum aestivum Thell.) var. Chinese 
Spring (Acosta, 1961). This wheat-rye translocation line 
was found to be resistant to field strains in several 
geographical regions (Stewart et al., 1968; Luig, unpub.). 
The literature cites at least three wheat cultivars, 
namely, cv. 'zorba (Sastrosumarjo & Zeller, 1970), · cv. 
Salzmunder Bartwei·zen and cv. Weique (Bartos & Bares, 1971) 
whose resistance to stem rust and other wheat pathogens 
are thought to reside in the alien Secale chromosomes 
which they carry as substitutions. On the other hand, 
Riley & Macer (1966) failed to observe resistance in any 
of the seven wheat-rye chromosome addition lines, although 
both the rye parent (King II) and the amphiploid were 
highly resistant. They accordingly explained the basis 
for resistance to wheat stem rust in King II as being a 
result of "some kind of between chromosome interaction". 
It is apparent from the literature that the genus 
Secale is recognised as an important source of resistance 
to wheat stem rust - although the gene(s) controlling 
resistance as such has not been documented. 
s, 
MATERIALS 
Rye Parents (Table 1 and Plate 1) 
Six inbred stocks of cereal rye (Zn = 2x = 14) were 
selected on the bases of three criteria:-
(1) self-fertility,, 
(2) degree of intra-line homogeneity, and 
(3) diversity in seedling infection type. 
6 . 
According to Dr. D. Morey (pers. comm., 1972) the 
inbreds had been rigorously selected for self - fertility 
with each cycle of inbreedi~g for 10 to 15. generations, but 
in some cases it was necessary to resort t o sib-crosses and 
open-pollination to overcome the problem of self-iteti lity. 
Table 1 
Parental rye stocks. , 
1 2 
Line Tifton Row No. Peduncle Hair 
Wrens-5 T-9422 + 
Wrens-6 T-9454 +++ 
Kenya-12 T-9633 
Elbon-Gator-17 T-9718 ' +++ 
Gator-French-20 T-9775 ++ 
Gator-28 T-1 0,751 ++ 
1 
Refers to the 1968 planting plan at the Coastal Plain 
Expt. Stat., Tifton, Georgia, U.S .A. 
2 ' 
Hairs absent 
+ sparse 
++ moderately dense 
+++ dense 
Rust Cultures 
For this study the following cultures were used:-
(a) Puccinia graminis f. sp. secalis 
Culture 57241 
A field isolate collected on Skinless barley at Gosford, 
Central N.S.W., in 1957. 
Culture 67401 (67-L-1) 
An isolate derived from an aecial collection made on 
barberry at Meadow Flat, Central-West N.S.W., in 1967; the 
source of the teliospores was unknown. The infection types 
of this culture differ from those of 57241 on certain wheat 
stocks. 
(b) Puccinia graminis f. sp. tritici 
126-6,7 (Culture 334) 
A predominant field strain in Australia from 1930-1955 
and typical of the Australian P.g.tritici flora present from 
the time of the progressive disappearance of the six wild 
strains to the isolation of the first component of standard 
race 21 in 1954 (Watson, 1970a). 
21-0 (Culture 54129) 
A field strain of undetermined origin. It has several 
characters different from those of standard race 126 
(Watson & Luig, 1966). A yellow variant culture which had 
arisen· .. pontaneously was also used in the early stages of 
the study. 
7 
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METHODS 
Crosses 
About six plants from each stock that in previous 
tests has been found to be homogeneous for seedling infection 
type to 57241 were used to make a 6 x 6 diallel cross. 
This was carried out in a glasshouse during the winter of 
1970. In 1970-71 a small number of backcrosses were 
derived usi~g F1 plants as the pollen parents. 
To establish allelism, linkage or independence, of 
isolated single factors, plants raised from resistant F3 
seedlings were intercrossed in the field in the spring of 
1972, irrespective of whether they were homo- or heterozygous. 
The genotypes of the parents used in the crosses were 
subsequently determined by progeny tests in the F4 . 
Handling of Hybrid Materials 
F1 seedlings of various combinations were tested 
with the range of rust cultures using 3 to 5 seedlings per 
test. Seedlings resulting from selfing were discarded. 
Most of F1 plants were raised in the glasshouse. 
Resistant and susceptible seedlings of segregating 
F2 families were classified; in the larger families plants 
were tagged and all were transplanted in the field in 1971. 
To obtain lines homozygous for .the identified resgenes, 
resistant seedlings from monogenically segregating F3 lines 
10 
were transplanted in the field in 1972. Progeny tests were 
carried out on these plants and certain of them, if 
homozygous for the gene concerned, were grown again as F4 
rows. F5 seed material from F4 rows with the genes 
tentatively designated is available for long term storage. 
Similar procedures were followed in the handling of 
the backcross material. 
Prior to anthesis sufficient ears on individual 
plants were bagged to give adequate selfed seeds (See Plates 
2 and 3). Open-pollinated plants were not harvested. 
Tests for Seedling Resistance 
Seedlings were raised in four-inch clay pots using 
a sand-peat medium. 
Inoculation was carried out on week-old seedlings 
by using an atomiser with uredospores suspended in a light 
non-phytotoxic paraffinic oil (see Rowell, 1957); the 
plants were incubated for 12-16 hours. 
The infection type produced on the first leaf 12-14 
days after inoculation was classified according to the key 
of Stakman et al. (1962). Mesothetic and intermediate 
· f · x z + x+ 2 + + 2 + 3 · 1n ect1on types, e:g., , , , , were 1n many 
instances difficult to distinguish from susceptible types; 
in such circumstances seedlings exhibiting these infection 
types were grouped with the susceptibles. 
Artificial Field Epiphytotics 
Epiphytotics were artificially created in the fi eld 
by infecting border rows of susceptible cv. Black Wi nte r 
which served as a source of rye stem rust inoculum. 
1971 was an exceptionally dry year and efforts to 
produce an epiphytotic were unsuccessful. 
Adult Plant Test s 
11 
Adult F4 plants that were homozygous for an individual 
r esgene were inoculated a t anthesis by the procedure 
described above for seedlings, except that stem reaction 
was scored. Although the scale of Peterson et al . (1948) 
was used as a guide, susceptibility was judged mainly by 
pustule size cum the absence of necrosis or chlorosis. 
12 
RESULTS 
F1 Tests 
The data showing the infection types exhibited by 
parental and F1 seedlings of crosses between four resistant 
and two susceptible lines in tests with six cultures o: 
stem rust are summarised in Table 2. In the majority of 
cases resistance was completely dominant to susceptibility, 
the exceptions being the F1 's of crosses involving 
Elbon-Gator-17 where resistance to P.g.sccalis was only 
partially dominant. Although the data are incomplete there 
is no evidence of differences between reciprocal crosses 
when allowances are made for small variations due to the 
environment. 
Kenya-12 
F2 Studies 
The behaviour to six cultures of P. graminis of F2 
families of crosses between Kenya-12 and two susceptible 
lines is summarised in Table 3. 
The segregation ratios suggest that resistance to 
126-6,7, 67401, H34 and 57241 is in each case governed by 
a single dominant gene. Using mixed inocula containing 
two cultures of distinctive spore colour it became evident 
that the same gene, conditioning infection ~ype (IT) ; , 
13 
. ,~ le 2 Infection· types exhibited by the parents and F1 seedlings 
when t ested at 10- 27°C with six cultures of Puccinia graminis • 
Rust Culture 
Parent or F1 
126-6,7 21- 0 M9a 57241 H34 67401 
Kenya- 12 n 0 · 
• 
;-;1 • 
Gator-28 X+ ;2 = ;2- ;2 = ;2 = 2+2t 
Wrens-5 c • ; 1 n O· O· O· O· • ;-;1 , • ' ' 
Elbon- Gator-11 0; • ; n z- 2c 2+ 2c 
' 
Wrens- 6 x-~" 3+ 
• 
23-,3 3+ 3-t- 3+ 3+ 
Gator-French- 20 X+ 23-,3 3+ 3+ 3+ 3+ 
12x6 =n 
• 
; 1 
6xl2 ; ;1 =n 
12x20 
20xl2 
28x6 X+ ;2 = ;2- ;2 = ;2 = 3+ 
6x28 X+ = = = = 3+ ;2 ;2 ; 2 ;2 
28x20 X+ = = = = + ;2 ;2 ;2 ;2 2+3 
20x28 X+ ;2 = NA ;2 = · 2= 
• 
3+ 
5x6 c = ; • ; 1 
' 
O· 
' 
o· O· 
• ' • 
6x5 c = • ; l . o· O· o· , , 
• • 
, , 
5x20 = 0;, ; ; 1 . 0;, ; 0; , ; O· 
• 
' 
20xS c O· , ; 
• 
, 
• 
17x6 0; n 2= 2+c 2+2.;3 2+2.; 
• 
6xl7 NA . n 2- NA NA 2+ 
• 
17x20 O· n 2- 22+c 2+3 22+ 
• • 
20xl7 0;,; n 2- 22+c + 2t ; 2 3 
. . ... . . . ~ . .. · .. 
NA = not avai labl e 
Table 3 
Behaviour of F2 seedlings from crosses between Kenya-12 and susceptible parents Wrens-6 and 
Gator-French-20 to six cul tures of Puccinia gramini~. 
* Number of seedlings Cross Family Culture Terrip. --- Ratio p (OC) 
Res. IT. Susc. IT 
12x6 4 126-6,7 15-28 171 ; ' ; 12- 59 X+ ,3+ 3: 1 0 .8- 0.9 
12x6 6 . 126-6,7 15-28 99 ;,;12- 33 X+ 3+ 
' 
3: I 1.0 
6x12 4 126-6,7 15-28 45 ; ,;1r 21 X+ ,3+ 3:1 0.20 
6x12 5 126-6,7 15-28 51 ;,;1r 19 + 3+ X ' 3:1 0.5-0.7 
6xl2 6 126-6,7 15-28 84 ; ' ; 12- 34 X+ 3+ 
' 
3:1 0 . 3- 0.S 
12x20 4 126-6,7 16- 25 112 ; '; 12- 30 X+ 3+ 
' 
3:1 0 . 2-0.3 
12x2o 5 126-6,7 16-25 162 ; ' ; 12- 42 X+ 3+ 
' 
3:1 0.1-0 .2 
--- -· ------ -------- ---- ------- - ----~-- ... ···- ·--- - ------· 
Combined 126-6,7 724 238 3:1 0.8-0.9 
-----~-- -- . - ·--- - - ----
cont. 
~ 
.j:>. 
1\) 
Table 3 cont. 
-
----·· 
...... __ __ 
12x6 2 21-0 16-24 194 ; , ; 12- 8 23-,3 15:1 0.1-0.2 
6xl2 1 21-0(Y) 16-24 130 ;,;12- 6 23-,3 15 :1 0. 3-0.5 
6--:12 2 21-0 16-24 161 ;,;12- 11 23- ,3 15:1 0.90-0.95 
6xl2 3 21-0(Y) 16-24 100 ; , ;1r 4 23-,3 15:1 0. 3-0.5 
12x20 4 21-0(Y) 16-25 128 ;,;12- 14 23-,3 15 :1 0.05-0.10 
12x20 s 21-0 (Y) 16-25 176 ;,;12- 8 23- ,3 15:1 0.2-0.3 
20x12 1 21-0 (Y) 16-25 145 ;,;12- 9 23-,3 15:1 0.3-0.5 
20xl2 2 21-0 (Y) 16..:25 228 ;, ; 12- 7 23-,3 15 :1 0.1-0.2 
Combined 21-0 1262 67 15:1 0.05-0 . 10 
-- . 
-
6x12 9 M9a 16-29 97 0;,;,;1T 6 2+3-3+ 15:1 0. 8-0.9 
6xl2 13 M9a 15- 226 142 O;,;,;lT 4 2+3-3+ 15:1 o.o,;-o.Io 
6x12 17 M9a 15-26 52 0;,;,;12- 5 2+3-3+ 15:1 0.5-0.7 
6xl2 20 M9a 16-29 111 0;,;,;12- 9 + + 2 3- 3 15:1 0. 3-0.5 
6x12 21 M9a 16-29 65 0;,;,;12- 6 2+3-3+ 15:1 0. 3-0 . 5 
12x20 8 M9a 15-26 201 0;,;,;12- 10 2+3~3+ 15 :1 0. 3-0 . 5 
12x~; · 16 M9a 15-26 61 0;,;,;12- 5 + + 2 3-3 15: 1 0.5-0.7 · 
· ----· ·-·- ·-· 
_, _ __ 
----·----------------
Combined M9a 729 45 15:1 0. 5-0.7 
--------------· ----- - - -- ----------- ·-·· ·--- --------···---·- - -- --. .. --~-- -
cont. 
1-' 
.p. 
t:T 
Tab 1e 3 cont. 
-
12x6 1 67401 15-26 193 0;, ; 
12x6 5 67401 16-29 161 0;,; 
6x12 7 67401 & 15-26 116 . J 
H34(Y) 
6x12 8 57241 & 15-26 144 
• 
H34(Y) 
6x12 13 67401 15-26 117 0;.; 
6x12 24 57241 & 16-29 98 . , 
H34 (Y) 
12x20 7 67401 & 15-26 139 . . 
H34(Y) 
12x20 8 67401 15-26 165 ; 
20xl2 2 H34(Y) 16-25 149 ; 
20x12 3 H34(Y) 16-25 109 ; 
20x12 4 H34(Y) 16-25 225 J 
20x12 6 H34(Y) 16-25 187 . , 
Combined P.g.secalis 1803 
* Temperatures are in average minima and maxima. 
58 x+,x: 
61 x+ .x! 
30 x+,3+ 
40 X+ 3+ , 
29 x+ 
32 x+ 3+ 
' 
33 x+ 
46 X+ 
51 3+ 
38 3+ 
60 3+ 
52 3+ 
530 
3:1 
3:1 
3:1 
3:1 
3:1 
3:1 
3: 1 
3:1 
3:1 
3:1 
3:1 
3:1 
3:1 
0.5-0.1 
0.3-0.5 
0.2-0.3 
0.3-0.5 
0.3-0.5 
0.95-0 .98 
0.05-0.10 
0.2-0.3 
0.8-0.9 
0.8-0.9 
0.1-0. 2 
0.8-0 . 9 
0 .05-0.10 
...... 
~ 
0 
15 
operated against the three cultures of P.~.sccal~s - siace 
seedlings resis~-~:nt, or susceptible, to one corapo:-..en·c 
culture behaved likewise to the second. On the c~he~ 
hand, resistance to 21-0 and M9a can in each case ~8 
ascribed to two independent dominant _ genes. 
The families were homogeneous with respect ·to each 
test culture. 
Included in the susceptible class 0s are segregants 
which exhibited mesothetic and intermediate infection 
types, viz., X+,2~=,2+~, because in many instances it was 
difficult to discriminate these from fully susceptible 
seedlings. 
r'~ Studies 
.) 
Table 4 summarises the segregation behavio~r of F3 
~ines from several families. Although family 6 of cross 
12 x 6 is significant at P = 0.05, the data non~theless 
support the hypothesis that resistance to 126-6,7 and the 
secalis cultures is controlled in each case by a single 
dominant gene whereas resistance to 21-0 and M9a involves 
two independent dominant genes. 
The parallel behaviour of some 250 F3 lines to the 
three cultures of P.g.secalis lent support t o the claim 
that resistance is conditioned by the same gene (IT;). 
Similarly the correlated behaviour of some 413 F~ lines to 
~ 
TGb le 4 
D· · :viour of F :S lines f 1 .>~ 11 crosses between Keny;1-12 and s :<sccp.~ J.b1e parents Wr<;ns-6 and 
Cator-L.·cnch-20 to sL--. cu1tun~s of ?_l~::i.~-~~~~ ~~':1-minis. 
·-····--·---. . -- -- --·-·-- - ~------------ -------·-------~----... --··-_ .. _ 
--- -----~----- - ---------- ------ ---------------------------·------· 
CJ' OSS Ftu:1ily Culture Temp . 
(oC) 
Hom. 
Res . 
-------· 
12x6 4 126- 6,7 16-29 39 
12x6 6 126-6,7 15-29 21 
6x12 6 126-6,7 15-29 21 
12x20 4 126-6,7 16-28 19 
12x20 5 126-6 ,7 16-30 32 
-----
Combined 126-6,7 132 
--
12x6 4 57241 1tl ··28 46 
12x6 6 57241 15-29 14 
12x20 4 57241 16-24 13 
Numbe r of lines 
Seg . 
91 
53 
36 
36 
56 
- --··- -· 
272 
-- - ---- -
92 
64 
38 
Ratio 
--
Hom. 
Susc. 
·- --·-· 
48 1:2:1 
24 1:2:1 
22 1:2:1 
18 1: 2: 1 
28 1 : 2 :1 
140 ' 1:2:1 
40 1:2:1 
22 1:2:1 
21 1:2:1 
o··- --c·- •·-- ••- •'••·--- ______ .... -- ·---·--·------ --- --- ------·. --·--· ·- ·-· ·- --
Combined 57241 73 194 100 1:2:1 
--
cont. 
····· ···---- ------
p 
0.5 -0.7 
0.3-0.5 
0 .7-0.8 
0.95-1.0 
0.7-0.8 
0.8 - 0.9 
0. 7-0 . 8 
0.01--0.02 
0.3-0.S 
0 .05-0. J. O 1-' 
0\ 
fll 
Table i (cont .) 
-----· .. '---- --·------·- --
12x6 
12x20 
12x20 
4 
4 
5 
H34 
H34 
H34 
Combined 1-134 
12x6 
6x12 
12x20 
Combitlv;) 
4 
6 
4 
67401 
67401 
67401 
67401 
-------------·------ ----
12x6 
12x6 
6x12 
12x20 
12x20 
Con~lJiucd 
cont. 
4 
6 
6 
4 
5 
21-0 
21-0 
21-0 
21-0 
21-0 
21 - 0 
16-28 
16-28 
16-24 
15-29 
15-29 
16-24 
18-27 
15-29 
15-29 
16-28 
16-30 
46 
13 
25 
84 
46 
16 
13 
75 
·--
69 
36 
36 
28 
49 
218 
-···- ---··- ---~ .. . - --· ·- ·-·· -~--- - -· ---- -- ·· - - .. ---
92 
38 
64 
194 
92 
47 
38 
177 
83 
54 
40 
38 
61 
276 
40 
21 
27 
88 
-- - · - -----
40 
14 
21 
75 
12 
6 
4 
6 
6 
34 
1 :2 :1 0.7-0.8 
1:2:1 0. 3-0.5 
1:2:1 O.S-0.7 
_____ ., __ 
1:2:1 0.3-0.5 
···- -.... -
1:2:1 0.7-0.8 
1:2:1 0.1-0.2 
1 :2 :1 0.3-0.5 
- -------------
1:2:1 
7:8:1 
7:8:1 
7:8:1 
7:8:1 
7:8:1 
7:8:1 
. 0.3-0.5 
- --- ---·-· ' 
0 . 8-0 .9 
0.3-0.5 
0. 8·-0 . 9 
0 .5-0.7 
0.8-0.9 
( i u . 7 
..... 
0\ 
0' 
T<::h Je 4 (cont. . ) 
·-·-- ---- ----· ..... - ·----··- --· . --~--··-- ·- ------ -------·- ... ----- --- ~ . ·· -- · ... 
12x6 4 M9a 16-29 69 83 12 7 :8:1 0. 8-0 . 9 
12x6 6 M9a 15-29 34 61 5 7 : 8:1 0.05-0.10 
6x12 6 M9a 15-29 33 40 4 7 : 8:1 0. 8-0.9 
12x20 4 M9a 16-28 28 38 6 7:8:1 0 . 5-0.7 
-·- ------·-- -----··----· 
Coll'.bined l-19a 164 222 27 7:8: 1 0 . 2-0.3 
-·- - -----··. -·--- - - ---· 
..... 
()\ 
n 
21-0 and M9a suggests that the same two genes 
IT ;12=) are involved . 
... ~,., 
\. .:_ .1. and 
The independent behaviour of 435 F3 lines to 126-6,7 
and 57241, shown in Table S(A) indicates that the single 
genes governing resistance to these cultures are 
independently inherited . Furthermore, from Tables S(E) 
and S(C) it is implicit that these are in fact the two 
g~nes operative against 21-0 (and M9a). 
Relationship between Hairy Neck and Resistance 
In Secal e the so-called 'Hairy Ne ck ' character ~ s 
determined by a dominant gene (Hp) located in chromosome 
. 17 
SR (Bielig & Driscoll, 1970). To determine if there is any 
linkage relationship between Hp and the two independent 
genes controlling resistance to M9a , seventy-eight randomly 
. / 
chosen F2 plants from cross 6(hairy) x 12 (hairless) were 
classified for the peduncle character, and the behaviour 
•. .J 
to M9a of their progenies were subsequently examined . The 
correlated data presented in Table 6 demonstrate the 
independence of the _ genes involved. 
F4 Studies - Isolation of geaes 
The two resgenes present in Kenya-12, r espective l y 
postulated and substantiated by F2 and F3 studies , were 
isolated and studied in F4 . 
Of 103 F4 lines, comprising ten families , t~at ,:0re 
Table 5 
Behaviour of F 3 lines from hoi11ogeneous failli lies from cros sc:s bet\'leen. 
K.::~;ya-1 2 and susceptible parents Wrens- 6 and Gator-French-20 to : -
(A) 126- 6,7 and 57241 
Behaviour to 126- 6,7 
Hom .Res . (IT ; 12-) 
Seg . 
1-!om.Susc. 
Total 
!'.:ern Exp.Ratio 
126- 6, 7 1:2: 1 
57241 1: 2 : 1 
Independence 
Behavi our to 57241 
Hom.Res . 
(IT ;) 
26 
43 
22 
91 
D.F. 
2 
2 
4 
seg. 
62 
119 
60 
241 
Hom.Susc. 
24 
49 
30 
103 
Chi- Square 
0.389 
5 . 740 
1.106 
Tv tal 
: ::.2 
211 
112 
435 
( 4 f arnil..ies) 
p 
0.8-0.9 
0 .05-0 . 10 
0 . 5-0 .7 
loa 
.¥ 
~J .. 
t 
18b 
(S) 126-6,7 and 21-0 
Be~~viour to 126-6, 7 Behaviour to 21- 0 
Hoiii. . ;{es. (IT ; 12- ) 
Seg. 
Hom. Susc . 
Total 
Hom . :\es. _ 
(IT ;, ;1 2-) 
120 
65 
30 
215 
Item Exp.Ratio D. F. 
126-6, 7 1 : 2:1 2 
21- 0 7:8:1 2 
Ir.~ c:pendence - 4 
seg. Hor;~.susc . 
1~o-~~l 
120 
204 26) 
75 33 138 
279 33 527 
(5 famili es) 
Chi-,So,uare p 
1. 459 0 . 3-0 . 5 
1.962 0.3-0 . 5 
305 .176 < 0.01 
(C) 57241 and 21- 0 
Behaviour to 57241 
Ho;a. Res . (IT ; ) 
Scg. 
Hom .Susc. 
Total 
Behaviour to 21-0 
Hom.Res.= seg . 
(IT;,;lr) 
94 
67 168 
27 49 
188 217 
Hom. Susc . 
28 
28 
ToJ-:al 
94 
235 
104 
433 
(4 families) 
Item Exp.Ratio D.F. Chi-Square P 
57241 1:2:1 2 3.624 0.1-0.2 
21-0 7:8:1 2 0.045 0.95-0.98 
Independence 4 233.661 < O.Ol 
lSc 
~-·.< 
19 
Table 6 
Relationship between the character Hairy .l'\eck and the bl·ec:ding 
behaviour to lvi9a of random F2 plants from fami l y 6 of cross 6 x 
-, 
-. .:.. . 
Peduncle of F2 Pl ar~t 
Breeding b ehaviour to MJa 
Total 
. ---
Hom.Res. 3eg. Hom.Susc. 
Hairy (Hp-) 25 30 3 58 
Hairless (l~php) 9 10 l 20 
Tota l 34 40 4 73 
Item Exp.Rat io D. F. Chi- Square p 
F2 Hairy Neck 3:1 1 0.017 0 . 90 
L Seg . to M9a 7:8: 1 2 0.183 0.90- 0.95 j 
I ;-,dependence 
-
2 0.022 0 .99 
20 
homozygous susceptible to 126-6,7, 34 wcra homozygous 
~e sistant (IT ;} and 69 segregated resp ect~ve:y to 
57241, H34, 674 01, 21-0 a nd M9a. ,.fhis gene (: T ;) 'tV&S 
provisionally designated Sr*A. S i~ilarly, of 161 li~cs 
comprising thirteen famili es that ware homozygous susceptible 
to 57241, H34 and 67401, 49 were found to be homozygous for 
t he second gene (IT; 1 2s), provisionally desigTiated harciTI 
as Sr B. The diffe rential reactions exhibi·ced by AA.t·'J 
and aaBB seedlings are compared in Plate 4 . The two 
ge nes are completely dominant as evidenced by the 
uniformity of infection types of n;sistant seedl i , · ~ s in 
segregating lines. Sr A is epistatic to Sr B. 
In a semi-susceptible genetic background where .. 
rn1no r gene(s) is apparently involved in resistance, Sr B 
conditions IT ; , suggesting additive gene action. In 
such segregat ing lines seedlings without Sr B exhibited 
I T X+. Furthermore, in lines in which presuii!ably the 
minor gene(s) (IT X+) was also segregating, four infection 
' . 
type classes were recognised, viz., ; , ; 12=, X+ and 3+ 
(Pl ate 5). Where the susceptibles were only of IT 3+ 
t h e . resistant seedlings were exclusively of IT ;12=. 
* 'Sr' is the conventional sy:r:.bol for res genes in ';:}-;e 
'T' ~~~-~C'Lll"" Th,cc~n.;a c- ~ r-- ;....,;,. - ·r c:-r·· ~ · .l.J... .J...L.~. ' ~ ' - .L:....... .J.. ....... . b.:..CL..~ ~ o.- :. 1. -'--~ S J ..., .... VL i.. . 
r ~v ~~ Observations an~ Adult P:ant Tests 
"f/' ..... 12 . , ..: , - .... ~-. -:'- -~ .,..... 'V' --- ..: 1 (1 ..... { ..., ..., - ~i - ( " '"1 ? i\Gnya- gro,vn ..;..n ooser•Ju. .... _co_.. ... uv!S .... n ..... ::~!u c:..1i'cl. ~:.;,. 
was outs tanciing for its virtual imn. :..;. :-<i ty to stem rust, in 
contrast to the marked susceptibility of ne~ghbo~ri~g rows 
of Wrcns-6 and Gator-French-20. 
Owing to sub-epiphytotic conditions in 1971 no data 
on the field performance of segregating F2 populations 
o: -;.·e avail able. In 1972, however, a severe epiphytotic, , -_._.. 
wiich 57241 developed as the predominant str~in, w&s 
artificially created in the F 3 nursery. w:A~en no-ces on 
adult F3 plants were collated with seedling tests on their 
progenies it became apparent that F3 plants with Sr A, 
homo- or heterozygous, were protected in the nursery, 
whereas those with Sr B had been severely rusted. 
This was subsequently confirmed by glasshouse tests 
on adult F4 plants that were homozygous for either Sr A or 
Sr B. Plants with Sr A were highly resistant to all 
cultures except 126-6,7, whilst those with Sr B were 
resistant to 126-6,7, 21-0 and M9a but were fully 
susceptible to the three cultures of P.g.secalis. These 
results indicate that both_ genes of Kenya-12 operate in 
seedlings as well as in the adult plants. 
Plate 6 illustrates the differential stem reactions 
of adult plants of putative genotypes .:\.t..bb and aaBB to 
126-6,7, 21-0, M9a and 57241. 
?' 
-l. 
22 
Gator-23 
F2 Stud ie s 
Gator-2 8 . d 1..; , .;. l" " 1-...; -,..... ~ ~- T 'r . X+ '1 ,. , _ ..J see ... ngs, vULLCa e ... <. . ... v ..:.. .... ~. , a. .u~... ":-r-:-'1 ,..., + ,..,+ • l ~ ::. .... 
respectively to 1 26 - 6 ,7 and 67401 were considered in t~is 
study to be susceptible to t hese two cultures . 
The segregation of F2 faoilies ~o ~~e ot her culture s , 
s ummarised in Table 7, suggest t hat res is tance to E34 , 
M9a and 21-0 is in each cas e controlled by a s ingle 
do~inant gene (IT ; 2~ ), a lthough the overa l l Deviat i on 
Chi - square fo r families tested wi th 21 -0 is highly 
s~ £nificant - there was a general deficiency of susceptible 
segregants . Resistance to 57241 is best expl ained on the 
basis of two independent dominant genes . 
The Hete r ogeneity Chi-square calculat ed for each 
. group of famil ies is not significant a t P = 0 . 05 . 
F- Studies 
.) 
The assumptions made on the basis of F2 &ata were 
supported by the segregation behaviour of F3 lines , 
s~smar ised in Tab l e 8 . Firstly , the monofactorial F3 
ratios obtained in t ests using H34, ~9a and 21 - 0 a r e 
consistent wi th F2 data . ~~e correlated behavio~r of 
51 9 F- l ines comprising fou r fami li es i nQica t ed t~at the 
.) . 
s a~e gene (IT ;2- ) was operative. Secondly, tes ts usin; 
5 7 2 4 .l.~ (j ~ ' T, 'o ~ .c :> c ~ ~ .,... .: -:. ·; <: ·'"" '' -.- ·" r: ~ ~ ~ c ~ -:""' · - -· .-- ':. · c-:.. .. ~ 1· --. .. : ·=- ,-. · - .: - ··1 
. 0 <:i. vv ..L""- '- -....u .. ., """ -. _, ~~ ·~ ~c.. "" ... "'J. -'-""'-'..J- , ....... ......... .i ... - ~ .. -......._ ..~.. v "' 
Table 7 
Behaviour of F2 seedlings from crosses between Gator-28 and susceptible parents Wrens-6 and 
Gator-French-20 to H34, M9a, 21-0 and 57241. 
Cross Family Culture Temp. Number of seedlings ( C) Res. IT Susc. IT Ratio p 
= 3+ 28x6 8 H34 16-24 92 ;2 24 3:1 0.2-0.3 
28x6 9 H34 14-24 134 ;2- 45 3+ 3:1 0.90-0.95 
= 3+ 28x6 14 H34 15-26 46 ;2 22 3:1 0.1-0. 2 
= 3+ 28x20 8 H34 15-26 83 ;2 18 3:1 0.05-0.10 
Combined H34 355 109 3:1 0.3-0.5 
= 3+ 28x6 18 M9a 16-29 54 ;2 12 3:1 0.20 
28x6 21 M9a 16-29 59 ·2= 
• 
25 3+ 3:1 0.3-0.5 
6x28 17 M9a 15-29 99 ;2 = 33 3+ 3:1 0.10 
28x20 16 15-26 33 = 8 3+ 3:1 0.3-0.5 M9a ;2 
Combined M9a 245 78 3:1 0.7-0 . 8 
cont. 
N 
~ 
Pl 
Table 7 (cont.) 
28x6 19 21-0 14-29 90 ;2= 22 23-,3 3:1 0.1-0.2 
28x6 20 21-0 14-29 120 ;2- 27 23-,3 3:1 0.05-0.10 
28x6 31 21-0 15-26 54 ;2- 17 23-,3 3:1 0.5-0.7 
28x6 32 21-0 15-26 101 ;2 = 28 23-,3 3:1 0.3-0.5 
28x6 101 21-0 18-29 125 ;2 = 23-,3 28 3:1 0.05-0.10 
28x6 102 21-0 18-29 114 ;2 = 35 
.. 
23 ,3 3:1 0.5-0.7 
28x6 103 21-0 18-29 144 ;2 = 41 23-,3 3:1 0.3-0.5 
28x20 1 21-0 18-29 96 ;2 = 24 23=,3 3:1 0.2-0.3 
28x20 5 21-0 18-29 254 ;2 = 96 23-,3 3:1 0.2-0.3 
20x28 2 21-0 18-29 191 ;2 = 49 23-,3 3:1 0.1-0. 2 
Combined 21-0 1289 367 3:1 < 0.01 
.. 
cont. 
N 
~ 
Table 7 (cont.) 
28x6 13 57241 15-29 68 
28x6 14 57241 15-29 62 
28x6 15 57241 15-29 110 
28x20 5 57241 18-29 145 
28x20 10 57241 18-29 122 
28x20 14 57241 18-29 174 
20x28 1 57241 18-29 88 
20x28 4 57241 18-29 46 
20x28 12 57241 18-29 115 
Combined 57241 930 
= + + ;2 .,2 .,2 3 4 
= + + ; 2 .,2 .,2 3 7 
• + + ;2 ,·2 , 2 3 7 
. 
;2=.2+.,2+3 8 
= + + ;2 ,2 .,2 3 14 
= + + ;2 .,2 ,2 3 16 
• + + 
;2 '2 . .,2 3 8 
= + + ;2 ,2 ,2 3 2 
;2= ,2\2+3 9 
75 
3+ 15:1 
2t3+ 15:1 
2t3+ 15:1 
3+ 15:1 
3+ 15:1 
3+ 15:1 
3+ 15:1 
3+ 15:1 
3+ 15:1 
15:1 
0.95-0.98 
0.1-0.2 
0.90-0.95 
0 .5-0.7 
0.05-0. 10 
0.·2-0.3 
0.2-0.3 
0.5-0.7 
0.5-0.7 
0.1-0.2 
N 
~ 
(') 
Table 8 
Behaviour of F3 lines from crosses between Gator-28 and susceptible parents Wrens-6 and 
Gator-French-.20 H34 ~ M9a~ 21.:..0 and 57241. 
··-· •. ~ ..... ... ... _ ....... .... ... -."""':. •-. ... : - ·-:-!'•..._ ., ., •. · - · · . . 
Table 8 (cont.) 
28x6 3 21-0 16-29 31 58 37 1:2:1 0.1-0. 2 
28x6 7 21-0 . 14-29 19 41 12 1:2:1 . 0.2-0.3 
28x6 8 21-0 16-31 27 44 18 1:2:1 o. 3-0.5 
28x6 9 21-0 17-28 37 67 37 1:2:1 0.8-0.9 
28x20 6 21-0 17-29 24 41 16 1:2: 1 0.3-0 .5 
20x28 2 21~0 . 15-29 52 105 53 1:2:1 0.99 
28x6 3 57241 16-29 40 55 3 7:8:1 0. 2-0.3 
28x6 9 57241 16-29 63 75 12 7:8:1 0.5-0.7 
28x20 6 57241 17-29 36 35 4 7:8:1 o. 7-0. 8 
20x28 2 57241 14-22 95 99 16 7:8:1 0.90-0.95 
C6mbined · 57241 234 264 35 7:8:1 0.95-0.98" 
N 
~ 
types of lines segregating in monogenic ratios, however, 
indicated that of the two_ genes controlling resistance to 
57241 one is completely dominant (IT ;2=) and the other 
incompletely dominant (IT 2+ to 2+3). · 
Genetic Relationship between Resgenes 
The_ genetic relationship between the resgenes in 
Gator-28 was elucidated from the correlated behaviour to 
25 
M9a and 57241 of some 529 F3 lines comprising four families 
shown in Table 9. Of 117 lines that were homozygous · 
susceptible to M9a, 24 were homozygous resistant (IT 2+), 
58 segregated in ratios of approximately 3 IT 2+ to 2+3 
1 IT 3+ seedlings, and the remaining 35 were ·homozygous 
susceptible to 57241 (P1 : 2:l = 0.1-0.2). Furthermore, no 
line homozygous susceptible to 57241 was homozygous resistant 
or segregated to M9a, but 145 lines were homozygous 
resistant (IT ;2=) to both cultures. It is apparent from 
these observations that the _ gene effective against M9a 
(and also H34 and 21-0) also operates against 57241 - and 
this is reflected in the highly s~gnificant Chi-square for 
Independence. By contrast the incompletely dominant gene 
(IT 2+ to 2+3) is only effective ~gainst 57241. 
Relationship between Presence of Anthocyanin in Leaf and 
~esistance 
In Secale. the pre~ence of an anthocyanin pigment in 
Table 9 
Correlated behaviour of F3 lines from crosses between Gator-28 and 
susceptible parents Wrens-6 and Gator-French-20 to M9a and 57241. 
Behaviour 
to M9a 
• Hom. Res. (IT ;2 ) 
Seg. 
Hom.Susc. 
Total 
Item 
M9a 
57241 
Independence 
Behaviour to 57241 
= + (IT ;2 ,2 ) 
145 
57 
24 
226 
Exp . Ratio 
1:2:1 
7:8:1 
Seg. 
-
210 
58 
268 
D. F. 
2 
2 
4 
Hom.Susc. 
-
-
35 
35 
Chi-Square 
3.011 
. o. 288 
401.651 
Total 
145 
267 
117 
529 
(4 families) 
p 
0.1-0.2 
0.2-0.3 
< 0.01 
26 
the first leaf gives it a characteristic red-brown colour 
(see Dedio eta!., 1969). The presence of this leaf 
pigment appears to be inherited as a Mendelian character 
(see Plate 7). 
·27 
An exploratory study aimed at examining the relationship 
between this leaf character and resistance to stem rust was 
undertaken. Two hundred and eleven random Fj. lines 
comprising three homogeneous fami lies from crosses between 
Gator-28 (anthocyanin-less) and Wrens-6 or Gator-French-20 
(both having anthocyanin) were classified for the presence 
or absence of leaf pigment, followed by inoculation with 
57241 a day or so later. The results, shown in Table 10, 
suggest that the two independent genes operative against 
57241 are not associated with the single gene determining 
leaf colour. 
Watkins & White (1964) reported that in cv. Prolific 
the inheritance of red coleoptile colour is controlled by 
the complementary action of two loosely linked dominant 
genes. They were, however, unable to identify the gene(s) 
concerned with anthocyanin pigmentation of the first leaf. 
The relationship between the genes determining coleoptile 
and leaf colour is thus not clear ~ 
F4 Studies · Isolation of Genes 
The gene which operates against H34, M9a, 21-0 and 
57241 (IT ;2·) was isolated in 16 F4 lines ·from six families; 
~ .. 
~ t " 
• ;~;.~.)~~~··~.~ I • 
·.~: 
Table 10 
Relationship between presence of leaf anthocyanin and behaviour to 
57241 of F3 lines derived from families 7 and 9 of cross 28 x 6 and 
family 2 of cross 20 x 28. 
.. 
Colour of first leaf 
Behaviour 
to 57241 
Hom.Res, + 
(IT ;2*, 2 ) 
Seg. 
Hom.Susc. 
Total 
Hom. Red-Brown 
49 
55 
7 
111 
Item . ... . . . ... Exp.Ratio .... D.P • . 
Leaf colour 1:2:1 2 
57241 7:8:1 2 
Independence 
-
4 
Seg. Hom. Green 
92 51 
116 54 
14 6 
222 111 
' 
. Chi -Square . .. .. . 
o.ooo 
0.087 
0.709 
Total 
192 
225 
27 
444 
p 
1.0 
0.95 - 0.98 
0.95 
28 
f 
f 
I 
l 
~ ~A: 
29 
this _ gene was provisionally designated Sr C. Similarly, 
35 F4 lines were found to be homozygous for the gene which 
conditions IT 2+ to 57241, designated provisionally as Sr D. 
Plate 8 illustrates the seedling infection ·types given 
by parents and F4 plants carrying Sr C or Sr D when 
tested with 57241. Further seedling tests using the same 
F4 lines indicated that the both genes are ineffective 
against 126-6,7 and 67401. 
Adult Plant Tests 
Glasshouse tests on adult F4 plants further indicated . . 
that Sr D does not operate in the adult st~ge against any 
of the six cultures. By constrast Sr C confers resistance 
to H34, M9a, 21-0 and 57241 thro!Jghout the life of the 
plant. 
30 
Wrens-5 
F2 Studies 
Table 11 summarises the segregation behaviour of 
F2 families from crosses between Wrens-5 and susceptible lines 
Wrens-6 and Gator-French-20 to six cultures of stem rust. 
A single dominant gene (IT 0; to ;) appears to govern 
resistance to 57241, although one family (family 17 of cross 
5 x 20) was just significant for a 3 : 1 ratio (P = o.oz-
0.05). Seedlings exhibiting semi~resistant reactions 
(IT 2+ to 2+3) were present in three of the nine families 
tested with this culture, s~ggesting the presence of a 
second gene in these families. 
Bifactorial segregation was ' evident in those families 
tested with H34, alone or in combination with 67401. 
There is variation in the number of genes 
segregating for resistance to M9a and the tritici cultures. 
The F2 ratios suggest that one to two resgenes were 
operating against 21-0 and ·126-6,7, and up to three ~gainst 
M9a. Whilst contamination of esmaculated Wrens-6 ears by 
pollen of Kenya-12 could explain the observed behaviour of 
some families to 126-6,7 and M9a, the monofactorial 
segregation observed in certain families (viz., families 
59 and 102 of cross 6 x 5) to 21-0 cannot be accounted for 
on this basis. The resistant parental stock Wrens-5 
was consequently assumed to be heterogeneous. It is noteworthy 
Table 11 
Behaviour of F2 seedlings from crosses between Wrens-5 and susceptible parents Wrens-6 and 
Gator-French-20 to six cultures of Puccinia graminis. 
· Number of seedlings 
Cross Family Culture Temp. Ratio p 
(OC) Res . IT Sus c. IT 
6x5 10 57241 14-28 199 0;,; 79 2+-2+3,3+ 3:1 0.1-0. 2 
6x5 40 57241 15-29 57 0; ~; 22 2+-2+3,3+ 3 :1 0.5-0. 7 
6x5 67 57241 15-27 164 0;.; 47 2+-2+3,3+ 3:1 0. 3-0.5 
6x5 104 57241 14-26 247 ; 97 3+ 3:1 0.1-0. 2 
6x5 107 57241 18-29 234 ; 73 3+ 3:1 0.5-0.7 
5x6 19 57241 16-29 120 0;,; 29 3+ 3:1 0.1-0.2 
5x20 13 57241 15-26 94 0; 28 3+ 3:1 0.5-0.7 
5x20 16 57241 15-26 56 O· I 14 3+ 3:1 o. 3-0.5 
5x20 17 57241 15-26 74 O· 
' 
13 3+ 3:1 0.02-0.05 
Combined 57241 1245 402 3:1 0.5-0.7 
cont. (1.:1 
..... 
Ill 
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Table 11 cont. 
6x5 102 H34 18-29 223 ;,;1 16 3+ 15:1 0.7-0.8 
Sx6 4 H34(Y) & 15-26 204 ; '; 1 9 3+ 15:1 0.2-0.3 
67401 
Sx20 1 H34 16-25 80 ;,;1 ' 8 3+ 15:1 0.2-0.3 
Sx20 2 H34(Y) 16-25 151 ;,;1 12 3+ 15:1 0.5-0.7 
Sx20 10 H34(Y) & 15-26 135 ;,;1 11 3+ 15:1 0.5-0.7 
67401 
Sx20 11 H34(Y) 15-26 301 ;,;1 19 3+ 15:1 0.8-0.9 
Sx20 13 H34(Y) 16-25 59 ;,;1 4 3+ 15:1 0.95-0.98 
Combined H34/67401 1153 79 15:1 0.8-0.9 
6x5 59 21-0 16-31 241 . 67 23::' 3 3:1 0.1-0.2 
' 
= 6x5 102 21-0 18-29 81 . 26 23 ,3 3:1 0.8-0.9 
' 
6x5 103 21-0 18-29 425 ; , ; 1 23 23=,2+3 15:1 0.3-0.5 
6x5 108 21-0 18-29 178 ;,;1 7 2+3- 15:1 0.1-0.2 
6x5 109 21-0 18-29 165 ;~;1 13 23-,3 15:1 0.5-0.7 
Sx20 19 21-0 (Y) 15-26 82 ; J; 1 5 3 15:1 0. 8-0.9 
Sx20 20 21-0(Y) 15-26 44 ;,;1 5 3 15:1 0.2-0.3 
Sx20 21 21-0(Y) 15-26 76 ;,;1 6 3 15:1 0.5-0. 7· 
cont. 
~ 
.... 
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Table 11 cont. 
6x5 1 M9a 16-24 243 
6x5 105 M9a 18-29 348 
6x5 106 M9a 18-29 364 
5x6 13 M9a 15-26 154 
Sx6 16 M9a 15-30 171 
Sx20 16 M9a 15-30 129 
6x5 14 126-6,7 14-28 273 
6x5 103 126-6,7 18-29 150 
6x5 110 126-6,7 18-29 139 
5x6 21 126-6,7 16-25 89 
20x5 1 126-6,7 16-25 99 
20x5 2 126-6,7 16-25 92 
5x20 1 126-6,7 16-25 105 
5x20 3 126-6,7 16-25 110 
5x20 s 126-6,7 15-22 135 
0;-2- 4 
0;-;12- 28 
0;-;12= 21 
0·-2= 
' 
4 
0;-2- 3 
0·-2= , 2 
;-;1 + 18 
;-12 = 16 
;-12 = 8 
. 16 , 
; • ; 1 7 
;,;1 5 
. 40 
' 
. j. j 1 13 
;,;1 11 
3 
3 
3 
3 
3 
3 
x+,3+ 
X+ ,3+ 
x+ ,3+ 
X2+,3 
X+ 
X2+,3 
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X+ 
63:1 
15:1 
15:1 
63:1 
63:1 
63: 1 
15:1 
15:1 
15:1 
3:1 
15:1 
15:1 
3:1 
15:1 
15:1 
0.90-0.95 
0.3-0.5 
0.5-0.7 
0 . 3-0.5 
0.95-0.98 
0 . 95-0.98 
0 .95-0.98 
0.05-0.10 
o.5-o. 1 
0.02-0.05 
0 . 8-0.9 
0.5-0.7 
0.3-0.5 
0.1-0.2 
0.5-0.7 
·-·· .,.,..,... . ............,.. . .,..., 
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that F1 seedlings exhibited no discernible differences 
when tested with ' 21-0 or M9a- which would be expected if 
the epistatic gene (IT ;) was present. There was, however, 
a small difference in infection type (IT ;c vs. IT ;lc) 
within both parental Wrens-5 and F1 seedlings when these 
were tested with 126-6,7 . 
F3 Studies 
The segregation ratios of F3 lines (Table 12) support 
the hypothesis that a dominant .. gene (IT ;) is involved in 
resistance to 57241. Additionally, lines s~gregating for 
a second . gene(s) (IT 2+ to 2+3) were observed in families 
1,5 and 11 of cross 5 x 20, but these were classified as 
'homozygous susceptible'. 
Bifactorial segregation was observed in each of the 
seven F3 families tested separately with H34 and 67401, and · 
this was consistent with F2 data. The infection types 
exhibited by resistant seedlings in lines segregating in 
monofactorial ratios indicated that the two. genes involved 
are completely dominant and condit i on IT ; and IT ;1 
respectively. 
, 
In tests involving M9a and 21-0, segregation ratios 
suggesting two and three factors were. ~~~~~~st .. ~mong seven 
families. The seedling infection types of lines segregating 
monofactorially s~ggest that the three. genes respectively 
Table 12 
Behaviour of F3 lines from crosses between Wrens-5 and susceptible parents Wrens-6 and 
Gator-French-20 to six cultures of Puccinia graminis. 
Cross Family Culture Temp. Number of lines Ratio p 
(oC) Hom. Res. Seg. Hom.Susc. · 
6x5 1 57241 18-30 18 46 19 1:2:1 0.5-0.7 
6x5 4 57241 17-27 17 41 20 1:2:1 0.8-0.9 
6x5 13 57241 14-23 16 24 14 1:2:1 0.5-o. 1 
20x5 1 57241 16-28 33 78 36 1:2:1 0.7-0.8 
5x20 1 57241 14-21 15 19 20 1:2:1 0.05-0.10 
5x20 5 57241 16-26 18 37 13 1:2:1 0.5-0.7 
5x20 11 57241 15-22 44 83 43 1:2:1 0.90-0.95 
Combined 57241 161 328 165 1:2:1 0.95-0 .98 
cont. 
t.:l 
t.:l 
ID 
Table 12 cont. 
6x5 1 H34/67401 16-26 29 38 8 7:8:1 0.2-0.3 
6x5 13 H34/67401 14-23 20 21 4 7:8:1 0.7-0.8 
20x5 1 H34/67401 16-28 78 70 7 7:8:1 0.2-0.3 
Sx20 1 H34/67401 14-21 28 20 5 7:8:1 0.1-0.2 
Sx20 2 H34/67401 16-27 36 43 9 7:8:1 0.30 
Sx20 5 H34/67401 16-26 33 34 5 7:8:1 0.8-0.9 
Sx20 11 H34/67401 16-21 79 84 12 7:8:1 0.8-0.9 
-
Combined H34/67401 303 310 so 7:8:1 0.1-0.2 
-
6x5 4 M9a/21-0 17-27 37 36 3 7:8:1 o.s-0.7 
Sx20 1 M9a/21-0 14-21 28 20 5 7:8:1 0.1-0.2 
Sx20 11 M9a/21-0 16-21 79 84 12 7:8:1 0.8-0.9 
-
Combined M9a/21-0 144 140 20 7:8:1 0.3-0.5 
cont. 
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condition IT's ; , ; 12 = and 2 = Furthermore, the latter 
Likewise, with 126-6,7, the F3 families .were hetero-
geneous, in this case, for one or two factors. The two_ genes 
involved cannot be distinguished on the basis of infection 
type because the _ genetic background of the majority of lines 
segr~gating monofactorially was only semi-susceptible (IT X+). 
Nonetheless only two infection types, viz. IT ;c and IT ; 1, 
were observed in lines segregating monofactorially. 
Genetic Relationships of Resgenes 
The genetic relationships of the resgene~ elucidated 
above were studied from the correlated behaviour of F3 lines 
from homogeneous families when tested with various cultures. 
The behaviour of (a) 442 F3 lines to 57241 and H34, and (b) 
291 lines to 57241 and M9a, are given in Tables 13 (A) and (B), 
respectively. The data clearly indicate that the gene 
conditioning IT ; is effective against 57241, H34 and M9a. 
The behaviour of 275 lines to H34 and M9a (Table 13(C)) 
likewise indicate that the same two genes (IT ; and IT ;1) 
operate against H34 and M9a. 
The gene conditioning IT ; and operative against 
57241 (as well as H34 and M9a) is not identical with any of 
the two. genes controlling resistance 126-6,7, as 
3Sa 
Table 13 
Correlated behaviour of F3 lines from homogeneous families of crosses 
between Wrens-5 and susceptible parents Wrens-6 and Gator-French-20 ·to:-
(A) 57241 and H34 
Behaviour Behaviour to 57241 
to H34 Hom. Res. Seg. Hom.Susc. Total 
(IT ;) 
Hom.Res.(IT ;,;1) 101 72 29 202 
Seg . 
-
156 53 209 
Hom.Susc. 
- -
5 5 
Total 101 228 113 442 
(4 families) 
Item .Exp.Ratio D.F. Chi-Square p 
57241 1:2:1 2 1.095 0,5..;0 . 7 
H34 7:8:1 2 1.449 0.3-0.5 
Independence 
-
4 247.705 < 0.01 
' ....... 
3Sb 
(B) 57241 and>M9a 
Behaviour to 57241 
Behaviour Total 
to M9a Hom.Res. Seg. Hom.Susc. 
(IT ;) 
Hom.Res. _ 70 105 39 214 (IT ;,;12=,2=) 
Seg. - 42 29 71 
Hom.Susc. 
- -
6 . 6 . 
Total 70 147 74 291 
(3 families) 
Item Exp.Ratio D.F. Chi-Square p 
57241 1:2:1 2 0.141 0.90-0.95 
M9a 45:18:1 2 2.332 0.3-0.5 
Independence 
-
4 55.700 < 0.01 
35c 
(C) H34 and M9a 
Behaviour to H34 
Behaviour Total · 
to M9a Hom. Res . Seg. Hom.Susc. 
(IT ;,;1) 
-
Hom.Res. _ 
- = (IT ;,;12-,2 ) 117 77 3 197 
Seg. 
-
62 9 71 
Hom.Susc. 
- -
7 7 
Total 117 139 19 275 
(3 families) 
Item Exp.Ratio O.F. Chi-Square p 
H34 7:8:1 2 . 0.299 0.8-0.9 
M9a 45:18:1 2 2.289 0.3-0.5 
Independence 
-
4 244.916 < 0.01 
. ' . . . ' . 
f-
35d 
(D) 126-6,7 and 57241 
Behaviour to 57241 
Behaviour Total 
to 126-6,7 Hom. Res. Seg. Hom.Susc. 
(IT ;) 
Hom. Res. 
(IT ; C, ;1) 45 61 26 132 
Seg. 25 75 33 133 
Hom.Susc. 7 10 9 26 
Total 77 146 68 291 
(4 families) 
Item Exp.Ratio D. F. Chi-Square p 
57241 1:2:1 2 0.560 0.7-0 . 8 
126-6,7 7:8 :1 2 4.602 0.10 
Independence 
-
4 11.182 0.02-0 .05 
. 3Se 
(E) 126-6,7 and H34 
Behaviour to H34 
Behaviour Total 
to 126-6,7 Horn. Res. Seg. Hom.Susc. 
(IT ; .. ;1) 
Hom. Res. (IT ,C •1) 
' '' 
57 41 3 101 
Seg. 43 61 11 115 
Hom.Susc. 2 6 8 16 . 
Total 102 108 22 232 
(3 familitl) 
Item Exp. Ratio D. F. Chi-Square p 
-
' 
H34 7:8:1 2 4.434 0.1-0.2 
I 
' 126-6,7 7:8:1 2 0.166 0.90-0.95 ! 
f_ Independence - 4 64.603 < 0. 01 
~ 
f 
!. 
t 
r 
I 
3Sf 
(F) 126-6,7 and M9a 
Behaviour to M9a 
Behaviour Total 
to 126-6,7 Hom. Res. Seg. Hom.Susc. 
(IT ;,;12=,2"') 
-
Hom. Res. 
5 (m) (IT ;c, ;1) 114 
-
119 
Seg. 62 56 
- 118 
Hom.Susc. 1 6 7 14 
Total 177 67 7 251 
(3 families) 
Item Exp.Ratio D.F~ Chi-Square p 
-
M9a 45:18:1 2 1.399 0.3-0.5 
126-6,7 7:8:1 2 2.600 0.2-0.3 
Independence - 4 254.689 < 0.01 
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suggested by the data in Table 13 (D). In the data 
• 
presented the Chi-square value for independent segregati6n is 
just significant (P =0.02-0.05) but the results do not 
necessarily imply linkage. On the other hand, the highly 
significant non-independent segregation of the genes 
governing resistance to H34 and 126-6,7 (Table 13 (E)) 
suggests that the second gene operative against H34 (IT ;1) 
may be identical, or tightly linked, with one of the two 
genes operative against 126-6,7. Also, the latter two 
genes do not appear to segregate independently of the genes 
operative against M9a (Table 13 (F)). In this table, if 
the 5 lines that appear as homozygous resistant to 126-6,7 
and segregating to M9a were in fact misclassifications (m), 
the data would suggest correspondence between the two 
genes operative against 126-6,7 and two of the three genes 
operative against M9a. The two. genes in question are those 
conditioning IT ;12= and IT 2= to the latter culture, since 
the gene conditioning IT ; is not effective against 126-6,7 
(see Table 13 (D)). This hypothesis should be verifiable 
by observing the breeding behaviour of F3 lines heterozygous 
for each of the two_ genes operative against the two cultures. 
Backcross Studies 
The behaviour to six cultures of stem rust of random 
F3 lines from the backcross to the susceptible parent 
" . 
! 
Gator-French-20 are shown in Table 14. 
Non-indepenaence of the two . genes (IT ; and 
IT z• to 2+3) giving resistance to 57241 is reflected in 
the highly significant departure from the expected ratio 
for independence. Although misclassification could in 
part explain this deviation, the _ genetic relationship 
between these two genes needs to be investigated further. 
By contrast, the backcross data · support those of . 
·37 
the F2 and the F3 from which the assumption was made that 
the two dominant genes (IT ; and IT ;1) conditioning 
resistance to H34 are independent. The correlated behaviour 
of backcross lines for reactions to H34 and 67401 indicated 
that resistance to both cultures involved the same two 
genes, thus corroborating the F2 findings based on the 
mixed inocula technique. 
The backcross data presented also support those of . 
the F2 that three dominant genes with IT's ;, ;12= and z=, 
respectively, confer . resistance to M9a, and that these are 
independently inherited. The lines .were identical in 
behaviour to 21-0. 
Both genes giving resistance to 126-6,7 were 
apparently included in the backcross lines, and these 
showed independent segregation. 
Studies on BC F4 and F4 Lines - Isolation of Resgenes 
The behaviour of BC F4 and F4 lines homozygous 
38 
Table 14 
Behaviour of BC 5x20~ F3 lines to six cultures of Puccinia grami nis . 
Culture Temp. Behaviour & (IT) No. Exp. p 
(°C) Lines Ratio 
+ Seg. 3(;):1(3) 30 1 
+ + + 
57241 17-25 Seg. 3(2 1 2 3) :1(3) 4 1 < 0.01 
+ + + Seg. 15(;,2 ,2 3):1(3) 5 1 
+ Hom.Susc. (3 ) 25 1 
-
+ Se g. 3 ( ; ) : 1 ( 3 ) 21 1 
H34/ + 17-25 Seg. 3(;1) :1(3 ) 8 1 0.05-0.10 
15-29 + 67401 Seg. 15{;,;1) :1(3) 12 ·1 
+ Hom. Susc . (3 ) 17 1 . 
Seg. 3(;) :1 (3) 4 1 
Seg. 15(; , ;12=):1(3) J 26 3 M9a/ 15-28 Seg. 63(0;-2=):1(3) 
21-0 15-28 Seg. 3(;12=) :1(3) ] 0.5-0.7 = Seg. 3(2 ):1(3) 21 3 Seg. 15(;1- 2=) : i(3) 
Hom. Susc. (3) 9 1 
c c + + . Seg. 3(; -;1 ):1(X ,3) 21 2 
126-6,7 14-25 c =c + + Seg. 15(; -2 ):1(X 1 3) 11 1 0 . 3-0.5 
+ + Hom.Susc. (X , 3 ) 6 1 
susceptible to either 126- 6.7 or 57241 were studied to 
isolate and to establish the infection types associated 
with the various resgenes present in Wrens-5. 
Sixty-nine F4 lines from five families, each 
homozygous for high reaction (IT X+ or IT 3+) to 126-6,7, 
showed parallel behaviour to 57241, H34, 67401, M9a and 
21-0. Twenty-two lines were homozygous resistant whilst 
thirty-seven segregated in monofactorial ratios for the 
. gene _ giving IT ; . F3 studies had already demonstrated 
that this _ gene operates against 57241, H34 and M9a. 
In _addition, 34 BC F4 lines.each homozygous for 
high reaction (IT X+ or IT 3+) to 126-6,7 were also 
tested with 57241 
(1) 7 lines were homozygous for IT ; 
' 
(2) 4 s~gregated for IT ; and IT 2+ in a 3:1 ratio, 
(3) 7 segr~gated for IT ; and IT 3+ in a 3:1 ratio, 
whilst 
(4) the remaining 11 s~gregated for IT's + ; , 2 , 
+ + 2 3 and 3 • 
Lines belonging to category (1) were likewise homozygous 
resistant to H34, 67401, M9a and 21-0, but those from 
categories (2), (3) and (4) segregated in a 3:1 ratio for 
IT ; and IT 3+, demonstrating the ineffectiveness of the 
. gene conditioning IT 2+ to 2+3 to 57241 against H34~ 
67401, M9a and 21-0. 
Parallel behaviour to H34, 67401, M9a, 21-0 and 
39 
126-6,7 were observed in 62 F4 lines from four families, 
each line being ·homozygous susceptible (IT 3+) to 57241. 
Of these, 17 lines were homozygous resistant whilst 45 
segregated in a monofactorial ratio for a . gene which 
conditions infection types ranging from ;1 to ;12= . . 
This correlated behaviour explains in part the non-
independent segregation of the_ genes . giving resistance to 
H34, M9a and 126-6,7 in F3 (Tables 13 (C), (E) and (F)). 
Further, three F4 lines, each homozygous 
40 
susceptible to H34 and 67401, as well as to 57241, showed 
parallel behaviour to M9a, 21-0 and 126-6,7. In view of 
the small number of lines studied it could not be concluded 
that the same gene was operative in each case; nonetheless 
it accounts in part for the non-independence of the . genes . 
conferring resistance to 126-6,7 and M9a (Table 13 (F)). 
The seedling infection types conditioned by the 
four genes identified in Wrens-5 are shown in Table 15. 
Adult Plant Tests 
Glasshouse tests on adult F4 plants homozygous 
respectively for Sr E, Sr F, Sr G and Sr H revealed that, 
with the exception of Sr F, the _ genes operate throughout 
the life of the plant. Sr F is effective only in the 
· early seedling st~ge. 
In the field in 1972, F3 plants carrying Sr E 
were completely protect.ed in an epiphytotic caused mainly 
by 57241. 
I 
.; 
Table 15 
Seedling infection types conditioned by four resgenes identified 
and isolated from Wrens-5. 
C u 1 t u r e 
Sr 
57241 H34 67401 M9a 21-0 126-6,7 
--
E : : : j . x• ,3+ 
' 
F 2+-2+3 3+ 3+ 3+ . 3+ X+ ,3+ 
G 3+ ;1 ;1 ;12- ;1 ;1 
H 3 + 3+ 3+ 2;;: 2= j c 
Wrens-5 0; 0; O· 0· . .c . "" . , , , 
' ' , 1 
41 
42 
Elbon-Gator-17 
F2 Studies 
The segregation behaviour of F2 families from crosses 
between Elbon-Gator-17 and susceptible lines Wrens-6 and 
Gato-r- French- 20 are shown in Table 16. 
The observed F2 ratios support the hypothesis that 
two independent dominant genes _ govern resistance to 
126-6,7, 21-0 and M9a. In four families from cross 20xl7, 
however, resistance to 126-6,7 appeared to involve an 
additional factor. Another exception noted was the apparent 
monofactorial segregation of family 101 of cross 6xl7 to 
a composite culture of M9a and 21-0(Y)_; seedlings exhibiting 
necrotic infection types, viz., ;nn and ;3=n, were not 
observed in this particular family. When 126-6,7 and 21-0(Y) 
were used simultaneously the correlated behaviour of 
seedlings to both cultures suggest that the same _ genes were 
involved. 
When the secalis cultures H34 and 67401 were used 
the observed F2 ratios suggest that one and two _ genes, both 
probably partially dominant, were respectively involved in 
resistance. On the other hand, the number of genes 
conditioni~g resistance to 57241 could not be elucidated 
from F2 tests, since s~gregation ratios varied between 4.2 
and 8.4 to 1. Nonetheless nine families out of twelve 
conform to a 13:3 ratio, which would s~ggest that resistance 
Table 16 
Behaviour of F 2 seedlin.gs from crosses· between Elbon-Gator-17 and susceptible parents Wrens-6 
and Gator-French-20 to six cultures of Puccinia graminis. 
Cross Family Cu1ture(s) Number of seedlings Ratio p Temp. 
(°C) Res. IT Susc. IT 
17x6 1 126-6,7 & 15-28 164 - =n 15 x+,23=,3+ 15:1 0.2-0.3 21-0(Y) 0;-;12-,;3-
126-6,7 & 15-28 220 - =n 7 x+ 23= 3+ 0.05 17x6 2 21-0(Y) 0;-;12-,;3- ' ' 15:1 
17x6 4 21-0(Y) 15-26 190 n ; ,;1 14 23= ,3 15: 1" 0.7-0.8 
17x6 21 126-6,7 16-29 246 = :n 0;-;12 ,;3 23 X+2+,3+ 15:1 0.1-0.2 
6x17 1 21-0(Y) 15-28 156 .n ·1 
' ' J 
6 23= ,3 15:1 0.1-0.2 
6x17 2 126-6,7 & 15-28 173 :n 12 X+2+ 23= 3+ 15:1 0.90-0.95 21-0(Y) 0;- ;1, ;3 ' J 
17x20 2 21-0 16-25 72 ,n ·1 
' ' , 
3 23~ ,3 15:1 0.3-0.5 
17x20 5 126-6,7 16-28 113 == :n 0;-;12 ,;3 6 X+2+,3+ 15:1 0.2-0.3 
20x17 1 21-0 16-28 180 .n . J ' , 1 17 23=,3 15:1 0.1-0.2 
20x17 2 21-0 16-28 313 .n . I I J 1 16 23-,3 15:1 0.30 
20x17 3 21-0 16-28 247 .n • ' ,,l 12 23-,3 15:1 0.1-0.2 
-----· 
Combined 126-6,7/21-0 2310 152 15:1 0.8-0.9 
~ 
cont. 
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Table 16 cont. 
20x17 1 126-6,7 16-25 238 0;-;12-, 3 X+2+,3 63:1 0.3-0.5 
X-2=,;3=n 
20x17 3 126-6,7 16-25 168 ditto 3 ditto 63:1 0. 7-0.8 
20x17 4 126-6,7 16-28 189 ditto 2 ditto 63:1 0.5-0.7 
20x17 6 126-6,7 16-28 184 ditto 1 ditto 63:1 0.2-0.3 
Combined 126-6,7 779 9 63:1 0.5-0.7 
cont. 
~ 
~ 
Table 16 cont. 
17x6 17 M9a 16-28 358 
17x6 18 M9a 16-28 222 
17x6 20 M9a 16-29 74 
17x6 21 M9a 16-29 48 
17x20 16 M9a 16-28 94 
17x20 36 M9a 16-28 232 
17x20 38 M9a 16-28 217 
17x20 39 M9a 16-28 169 
17x20 40 M9a 16-28 136 
17x20 41 M9a 16-28 55 
Combined M9a 1605 
cont .. 
2=,;3=n 20 
z=,;3=n 13 
2=,;3=n 6 
z=,;3=n 4 
2=,;3:n 6 
z= ·3=n J , 11 
z= ·3=-n , , 13 
2=,;3=-n 7 
z= ·3=n J , 6 
z= · 3=-n J, 4 
90 
. . . . . . 
2·3-3+ 15:1 
2·3- 3+ 15:1 
2·3-3+ 15:1 
2+3-3+ 15:1 
2+3-3+ 15:1 
2+3-3+ 15 : 1 
2+3-3+ 15:1 
2·3-3+ 15:1 
2+3-3+ 15:1 
2+3-3+ 15:1 
15:1 
0 . 3-0.5 
0.5-0.7 
0.5-0.7 
0.5-0.7 
0.99 
0.2-0.3 
0.7-0.8 
0.2-0.3 
0.3-0.5 
0.8-0.9 
0.1-0.2 
~ 
tN 
0 
, .. .... _ 
Table 16 cont~ 
6xl7 101 M9a & 16-29 321 
21-0(Y) 
17x6 2 H34 16-28 190 
17xG 4 H34 16-28 124 
17x6 8 H34 15-28 107 
17x6 10 H34 15-26 39 
17x6 11 H34 16-29 126 
6x17 1 H34 15-28 152 
6x17 2 H34 15-ZS 119 
6x17 102 H34 14-27 309 
6x17 103 H34 14-27 228 
6x17 104 H34 14-27 112 
Combined H34 1506 
cont. 
;1,2- 122 
2+,2+3 53 
2+.2+3 46 
2+,2+3 25 
2+,2+3 18 
2+,2+3 so 
2+,2+3 so 
2+ 2+3 , 41 
2+ 2+3 
• 
96 
2+,2+3 92 
2+,2+3 42 
513 
23=, 3+ 3:1 
3+ 3:1 
3+ 3:1 
3+ 3:1 
3+ 3:1 
3+ 3:1 
3+ 3:1 
3+ 3:1 
3+ 3:1 
3+ 3:1 
3+ 3:1 
3:1 
:"' 
.. 
0.2-0.3 
0.3-0.5 ' 
0.5-0.7 
0.1-0.2 
0.2-0.3 
0.2-0.3 
0.95 
0.95 
0.7-0.8 
0.1-0.2 
0.5-0.7 
0.8-0.9 
~ 
t.-1 p.. 
Table 16 cont. 
17x6 8 67401 16-29 127 
17x6 9 67401 16-29 141 
17x6 12 67401 16-29 203 
6xl7 40 67401 15-28 190 
6x17 72 67401 15-28 432 
6x17 73 67401 15-28 390 
6x17 74 67401 15-28 86 
6x17 104 67401 14-27 402 
Combined 67401 1971 
cont. 
2c-2tc,2+c3 5 
2c-2tc,2+c3 10 
2c-2tc,2+c3 10 
2c-2tc,2+c3 17 
2c-2!c,2+c3 30 
2c-2tc,2+c3 19 
2c-2!c 2+c3 
' 
10 
2c-2tc,2+c3 32 
133 
X+3,3+ 15:1 
X+3 3+ 
' 
15:1 
X+3 3+ 
' 
15:1 
X+3 3+ 
I 15:1 
X+3,3+ 15:1 
X+3,3+ 15:1 
X+3,3+ 15:1 
X+3 3+ 
I 15:1 
15:1 
0.2-0.3 
0.8-0.9 
0.3-0.5 
0.2-0.3 
0.8-0.9 
0.1-0.2 
0.05-0.10 
0.2-0.3 
0.90-0.95 
.;:,. 
~ 
(1) 
Table 16 cont. 
17x6 1 57241 14-27 91 
17x6 2 57241 14-27 88 
17x6 3 57241 14-27 109 
17x6 7 57241 14-27 98 
6x17 4 57241 14-27 482 
6x17 105 57241 15-28 134 
6x17 106 57241 15-28 107 
6x17 108 57241 15-28 115 
20xl7 2 57241 14-27 201 
20x17 4 57241 16-28 244 
20xl7 5 57241 16-28 98 
20xl7 8 57241 16-28 290 
N.S. Families 57241 1197 
N.S . = Not significant at P=O.OS. 
2c-2+c3 20 X+3+~3+ 
2c-2+c3 14 X+3+~3+ 
2c-2+c3 20 X+3+,3+ 
2c-2+c3 19 X+3+,3+ 
2c-2+c3 71 2!3+,3+ 
2c-2+c3 19 X+3+,3+ 
2c-2+c3 24 X+3+,3+ 
2c-2+c3 21 X+3+,3+ 
2c-2+c3 45 X+3+,3+ 
2c-2+c3 29 X+3+ ,3+ 
2c-2+c3 20 X+3+,3+ 
2c-2+c3 69 2+3+,3+ 
252 
13:3 
13 :3 
13:3 
13 : 3 
13:3 
13:3 
13:3 
13:3 
13:3 
13 :3 
13:3 
13:3 
13 :3 
0.8-0.9 
0.1-0.2 
o. 3-0.5 
0.3-0.5 
< 0 . 01 
0.02-0.05 
0.05-0.10 
0.3-0.5 
0.8-0.9 
< 0 .01 
0. 5-0.7 
0.8-0 . 9 
0.1-0. 2 
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to this culture was controlled by two independent . genes, 
one of which is recessive. 
In studies involving secalis cultures a percentage 
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of misclassification probably occurred owing to the fact that 
seedlings exhibiting intermediate and mesothetic infection 
types, viz., 2+3,2t3,X+, were represented in variable 
frequencies in all segregating families. It was also 
recognised that environmental factors particularly light 
and temperature as well as the intensity of infection 
(pustule numbers per unit leaf area), collectively played 
an important part in influencing the resultant infection 
type. Hence it was considered very important to sow 
concurrently the parental stocks so that their infection 
types could be compared with those of their pr~genies. 
F3 Studies 
The segregation behaviour of F3 lines from several 
families are summarised in Table 17. 
Resistance to P.g.tritici and the hybrid M9a 
F3 data confirmed the proposition that in the majority 
of cases two independent dominant . genes control resistance 
to 21-0 and M9a, but in the case of 126-6,7, in addition a 
third gene may be operative in some families. The correlated 
behaviour of F3 lines further indicated that the same two 
. genes conditioned resistance to the three cultures. 
In families 1 and 3 of cross 20xl7, however, resistance 
.... 
Table 17 
Behaviour ofF_ lines from crosses between Elbon-Gator-17 and susceptible parents Wrens-6 and 
~ 
Gator-French-20 to six cultures of Puccinia graminis. 
Cross Family Culture Temp. Number of lines Ratio p 
(oC) Hom. Res. Seg. Hom.Susc . 
17x6 1 126-6,7/21-0/M9a 16-30 55 72 13 7:8:1 0.2-0.3 
17x6 2 126-6,7/21-0/M9a 17-30 71 87 9 7:8:1 0.8-0. 9 
17x6 8 M9a 15-27 21 37 1 7:8:1 0.05-0.10 
17x6 9 126-6,7/21-0/M9a 16-24 47 50 6 7:8:1 0.90-0.95 
17x6 15 126-6,7/21-0/M9a 15-29 29 35 6 7:8:1 0.7-0.8 
6x17 1 126-6,7/21~0/M9a 17-30 112 133 13 7:8:1 0.5-0.7 
6x17 2 126-6,7/21-0/M9a 15-29 134 125 13 7:8:1 0.1-0. 2 
20xl7 · 1 M9a 15-29 66 56 10 7:8:1 0.1-0.2 
20x17 3 M9a 15-29 73 57 10 7:8:1 0.05-0.10 
Combined P. g·. tri tici/M9a 608 652 81 7:8:1 0. 5-0.7 
cont. 
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Table 17 cont . 
20x17 1 126-6,7 15-29 88 39 3 45:18 : 1 0.5-0.7 
20x17 3 126-6,7 15-29 82 47 3 45:18:1 0.1-0. 2 
Combined 126-6,7 170 86 6 45:18:1 0.1-0.2 
17x6 1 H34 14-29 29 65 23 1:2:1 0.3-0.5 
17x6 2 H34 17-30 42 111 37 1:2:1 0.05-0.10 
17x6 8 H34 15-27 22 39 18 1:2:1 0.8-0.9 
17x6 15 H34 15-29 14 35 19 1:2:1 0 .5-0.7 
6xl7 1 H34 15-27 36 80 41 1:2 :1 0.8-0.9 
6x17 2 H34 18- 30 45 113 55 1:2:1 0.3-0.5 
Combined H34 186 446 192 1:2:1 0.05-0.10 
17x6 1 67401 14-27 62 41 5 7 :8:1 0.01-0.02 
17x6 2 67401 17-30 91 87 7 7:8:1 0.1-0.2 
17x6 8 67401 15-27 39 28 4 7:8:1 0 . 1-0 . 2 
.17x6 15 67401 15-29 32 30 6 7:8:1 0.5-0.7 
6x17 2 67401 15-27 70 130 20 7:8:1 < 0.01 
3 N. S. Families 67401 162 145 17 7:8 : 1 0.05-0.10 
~ 
cont. 
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Table 17 cont. 
17x6 1 57241 16-30 so 
17x6 2 57241 17-30 89 
17x6 8 57241 15-27 44 
17x6 15 57241 15-29 26 
6x17 1 57241 15-27 43 
6x17 2 57241 15-29 129 
20x17 1 57241 15-29 90 
20x17 3 57241 . 15-29 76 
6 N. S. Families 57241 413 
N.S. = Not significant at P = 0.05 
74 6 
75 15 
25 6 
31 8 
57 5 
115 22 
42 0 
59 9 
411 55 
7:8:1 
7:8:1 
7:8:1 
7:8:1 
7:8:1 
7:8:1 
7:8:1 
7:8:1 
7:8:1 
-
0.2-0.3 
0.05-0.10 
0.01-0.02 
0.1-0.2 
0.2-0.3 
0.05-0.10 
< 0.01 
0.05-0.10 
0.1-0. 2 
~ 
en 
0 
r. 
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to 126-6,7 involved three factors, hence corroborating their 
F2 behaviour. Of the 20 lines that were homozygous 
susceptible to 21-0 and M9a in these two families, 2 were 
+ - - -homozygous resistant (IT ;1 2- to X 2-), 12 segregated in 
monofactorial ratios, whilst 6 were homozygous susceptible 
to 126-6,7 (Pl:Z: 1 = 0.3-0.5). Besides being ineffective 
against 21-0 and M9a the third gene is also distinguished 
by its incomplete dominance. 
The infection types exhibited by resistant seedlings 
in segregating lines indicated that the two dominant genes 
respectively condition IT ;n (epistatic) and IT ;1 to 21-0. 
When M9a and 126-6,7 were used in the tests, there was 
apparent reversal of the epistasis relationship : the 
observed infection types attributable to the same two 
genes were now IT ;3=n and IT z= (epistatic) to M9a, and 
IT ;nn to ;3=n and IT ; to ;12= (epistatic) to 126-6,7. 
The lower infection types (IT ;nn and IT ;) observed in 
tests with the latter culture were probably associated 
with a gene(s) conditioning IT X+ present in the background. 
. . 
Resistance to P.g.secalis 
F3 tests substantiated the hypothesis that a partially 
dominant . gene (IT 2+ to 2+3) conditions resistance to H34. 
Although two families deviated significantly from 
the expected ratio (7:8:1) the data nonetheless suggest 
that two partially dominant genes both having IT z+C to z+C3 
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operated against 67401. The ratios of resistant to 
susceptible seedlings within segregating lines also support 
this assumption. 
Aberrant segregation ratios were also observed in 
two of the eight families tested with 57241; bifactorial 
segregation was evident in the other six families. In 
the latter families a partially dominant (IT z+c. to z+c3) 
and a recessive (IT z+c)_ gene appeared to be involved; 
however, with the exception of family 1 of cross 6 x 17, 
lines s~gregating for a recessive _ gene were not 
proportionately represented, since two-sixteenths of the 
total are expected in each family. The deficiency of 
such lines may be explained by assuming that ·the recessiveness 
of the gene in question is influenced by environment 
and/or by its genetic bac~ground, or by both, but there 
is no evidence to support this conjecture. 
Misclassification could have been significant in 
some or in all those families for which distorted ratios 
were observed, but at the same time, genetic mechanisms 
(Luig, 1964) which have not been investigated here, 
cannot be discounted. 
Genetic Relationships of Resgenes 
The genetic relationships of the genes conditioning 
resistance to the three secalis cultures were determined 
from the behaviour of F3 lines from several homogeneous 
48 
families of reciprocal cross~. s 17 x 6 and 6 x 17. 
The highly correlated behaviour of such lines to 
H34 on one hand, and 67401 and 57241 on the other 
(Tables 18 (A) and (B)), suggest that the partially 
dominant gene (IT 2+ to 2+3) operates against H34 and the 
other two secalis cultures. This was further evidenced 
by the non-independent behaviour of F3 lines to 67401 
and 57241 (Table 18 (C)). The data shown therein also 
indicate that the second_ gene involved in resistance to 
each culture is not identical, nor are they necessarily 
independent. Independence of the two genes was elucidated 
from the behaviour of 136 F3 lines, each of which was 
homozygous susceptible to H34. These lines when tested 
with the other two cultures showed non-correlated 
behaviour (Table 19). It is interesting to note that 
although all segregating lines gave monofactorial ratios, 
an incompletely dominant as well as a recessive mode of 
inheritance were manifest in those lines segregating to 
57241. The gene involved thus appeared to exhibit 
recessiveness in some lines, and partial dominance in 
others. 
The genetic relationships between the three _ genes 
. giving resistance to P.g.secalis, documented above, and 
the two genes operative against M9a (and also P.g.tritici), 
were likewise established from the behaviour of F3 lines 
from homogeneous families of the same crosses. From the 
' . 
Table 18 
Correlated behaviour of F3 lines from reciprocal cros5ei between 
Elbon-Gator-17 arid susceptible parent Wrens-6 to:-
(A) H34 and 67401 
Behaviour to 67401 
Behaviour Total 
to H34 Hom. Res. Seg. Hom. Susc. 
(IT 2c ,2+c) 
+ Hom. Res. (IT 2 ) 126 
- -
126 
Seg. 87 201 - 288 . 
Hom.Susc. 24 65 38 127 
Total 237 266 38 541 
49a 
(5 families) 
Item Exp.Ratio . D. F • . Chi-Square p 
H34 1:2 :1 2 2.268 0.3-0.5 
67401 7:8:1 2 0. 594 0.8-0.9 
Independence 
-
4 330.148 < 0.01 
49b 
(B) H34 and 57241 
Behaviour to 57241 
Behaviour Total 
to H34 Hom. Res. Seg. Horn.Susc. 
(IT 2c,2+c) 
+ 146 Horn. Res. (IT 2 ) 146 - -
Seg. 120 230 
-
350 
Horn.S1,1sc. 30 72 50 152 
Tota-l 296 30~ 50 648 
(4 £atni1ies) 
Item Exp.Ratio D.F. Chi-Square p 
H34 1:2:1 2 4.284 0.1-0. 2 
57241 7:8:1 2 4.273 0.1-0. 2 
Independence 
-
4 395.940 < 0.01 
r 
.. 
49c 
(C) 67401 and 57241 . 
Behaviour to 57241 
Behaviour Total 
to 67401 Hom. Res. Seg. Hom.Susc. 
(IT 2c,2+c) 
Hom. Res. 
(IT 2c,2+c) 211 64 2 277 
Seg. 71 203 10 284 
* Hom.Susc. 6 19 24 49 
Total 288 286 36 610 
(5 families) 
Item Exp.Ratio D.F. Chi-Square ! p 
67401 7:8:1 2 4.932 0.05-0.10 
57241 7:8:1 2 2.914 0.2-0.3 
Independence 
-
4 370.414 < 0.01 
* The surplus of lines in this class could be due to causes discussed 
on page 44. 
r 
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Table 19 
Behaviour to 67401 and 57241 of F3 lines from crosses 17x6 and 6x17, 
each homozygous susceptible to H34. 
Behaviour to 67401 
Behaviour Total 
to 57241 Hom.Res. Seg. Hom.Susc. 
(IT 2+c) 
+c Hom.Res.(IT 2 ) 8 14 7 29 
Seg. 18. 44 8 68 
Hom.Susc. 5 19 13 39 
Total 31 77 28 136 
(6 families) 
Item Exp.Ratio D.P. Chi-Square p 
57241 1:2:1 2 1.059 0.5-0.7 
67401 1:2:1 2 2.515 0.2-0.3 
Independence 
-
4 9.074 0.1-0. 2 
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data presented in Tables 20 (A), (B) and (C), it is clear 
that the two geries giving resistance to M9a (and P.g.tritici) 
are inherited independently of those three specific to 
P.g.secalis. 
Backcross Studies 
Random F3 lines from backcrosses (BC 1) to both 
the resistant and the two susceptible parents were 
available for study. The data on their segregation 
behaviour (Table 21) lend support to the F2 and F3 data 
that two independent dominant genes control resistance 
to 126-6,7, 21-0 and M9a. The correlated behaviour of 
BC F3 lines to these three cultures confirmed that the 
same . genes were operative in each case. The third gene, 
which is effective only against 126-6,7 and found in a 
minority of F2 and F3 families, was absent in the backcross 
lines. 
The backcross data also. support the hypothesis 
that resistance to H34 and 67401 involve one and two 
partially dominant genes respectively. The basis for 
res.istance to 57241 was clarified by the complete 
classification of segregating lines; the observed ratios 
suggest that a partially dominant as well as a recessive 
gene control resistance to this culture. Furthermore~ 
the proportionate representation of lines segregating 
monofactorially for a recessive . gene (cf. F3 data) suggests 
Table 20 
Behaviour to F3 lines from reciprocal crosses between Elbon-Gator-17 
and susceptible parent Wrens-6 to:-
(A) H34 and M9a 
Behaviour to M9a 
Behaviour Total 
to H34 Hom. Res. Seg. Hom.Susc. 
(IT 2=,;3::n) 
+ Horn.Res. (IT 2 ) 64 66 8 138 
Seg. 141 172 19 322 
Hom.Susc. 58 73 13 144 
Total 263 311 40 614 
52 a 
(5 families) 
Item Exp.Ratio . D.F. . . Chi -Square p 
H34 1:2:1 2 4.189 0 . 1-0. 2 
M9a 7:8:1 2 0.239 0.8-0.9 
Independence 
-
4 2.697 o. 2-0.3 
r 
( 
(B) 67401 and M9a 
Behaviour 
to 67401 
Hom. Res. 
(IT 2c,2+c) 
Seg. 
Hom.Susc. 
Total 
Item 
67401 
M9a 
Independence 
Behaviour to M9a 
Hom.Res . 
(IT z=,;3::n) 
Exp.Ratio 
7:8:1 
7:8:1 
110 
93 
11 
214 
D.F. 
2 
2 
4 
Seg. 
127 
125 
16 
268 
Hom.Susc. 
12 
16 
-
28 
Chi-Square 
5.416 
1.507 
2.748 
Total 
249 ' 
234 
27 
510 
(5 families) 
p 
0.05-0.10 
0.3-0.5 
0.2-0.3 
S2b 
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Table 21 
Behaviour of BC F3 lines from crosses between Elbon-Gator-17 and susceptible parents Wrens-6 
and Gator-French-20 to six cultures of Puccinia graminis, at 15-28°C. 
Number of lines 
Cross Culture Ratio p 
Hom. Res. Seg. Hom.Susc. 
BC 62xl7 H34 
- 11 14 1:1 0.5-0.7 
BC 62xl7 67401 - 17 5 3:1 0.8-0.9 
BC 62x17 
8(3R:lS) 
57241 
-
5(1R:3S) 12 1:1 :1:1 0.1-0. 2 
4 (13R: 35) 
BC62xl7 
126-6,7/ 
21-0/ - 24 7 3:1 0. 7-0.8 
M9a 
BC 6x172 H34 18 25 
-
1:1 0.2-0.3 
BC 6x172 67401 35 11 - 3:1 0.8-0.9 
BC 6x172 57241 30 15 
-
3:1 0. 1-0.2 
cont. 
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Table 21 cont. 
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BC 17x202 H34 - 33 22 1:1 0.1-0. 2 
BC 17x2o2 67401 
- 27 13 3:1 0.1-0. 2 
BC 17x2o2 
12(3R:1S) 
57241 - 9(1R: 3S) 8 1:1:1:1 0.3-0.5 
13(13R:3S) 
BC 17x2o2 
126-6~7/ 
21-0/ - 46 12 3:1 o:3-0.5 
M9a 
BC 172x20 H34 19 22 - 1:1 0.5-0.7 
BC 172x20 67401 37 11 - 1:1 0.7-0.8 
BC 172x20 57241 35 17 - 3:1 0.2-0 . 3 
V1 
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that genetic background may be important in determining 
the recessive character of this gene. 
F4 Studies - Isolation of Resgenes 
Genes operative against P.g.tritici and the hybrid M9u 
The two genes operative against 126-6,7, 21-0 
and M9a were isolated in the F4 . 
Of 32 BC F4 and 25 F4 lines, from three families, 
that were homozygous susceptible to P.g.secalis, 13 were 
homozygous for the _ gene which conditions IT ;1, IT ;12-
and IT 2= to 21-0, 126-6,7 and M9a respectively. This 
. gene was provisionally des~gnated Sr J. 
However, of one BC F4 and e~ght F4 lines, from 
three families, that were found to b~ homozygous for the 
gene conditioning IT ;3=n to 126-6,7 and M9a, and 
IT ;n to 21-0, only one F4 line was susceptible to all 
three cultures of P.g.secalis. The other eight had in 
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their genetic backgrounds one or two . genes operative against 
67401 and/or 57241 in the combinations shown in the 
table below: 
Behaviour to 
Generation No.lines 
H34 67401 57241 
BC F4 · 1 Hom. susc. Seg. 3R: lS Hom. susc. 
F4 2 Hom. susc. S~g. 3R: lS Seg.lR :3S 
F4 2 Hom.susc. Hom. res. Seg .lR: 3S 
F4 3 Hom.susc. Hom. res. Hom. res. 
This gene was provisionally designated Sr I. Owing to 
inadequate seed· numbers of the only line having Sr I 
singly, the single BC F4 line which segregated 
monofactorially to 67401 was chosen for seed increase. 
Under the circumstance seedlings were tested with this 
55 
secalis culture and only susceptible plants were transplanted. 
An attempt was also made to isolate the third gene 
(IT ;1+2= to X-2=) which operates specifically against 
126-6,7. Twenty resistant p~~nts from two F3 lines of 
cross 20 x 17 showing monofactorial segregation for this 
gene, but which also segregated monofactorially to 67401, 
were transplanted in 1973. There was not a single F3 
line - out of the 272 studied - inwhich this: gene, 
tentatively designated Sr K, was present in a genetic 
background that is susceptible to P.g.secalis. The 
results of progeny tests on plants carrying Sr K are not 
available, but it can be expected that one-twelfth 
(1!3 X l/4) Of these will be homozygous for this gene and 
in a genetic background that is susceptible to all three 
cultures of P.g.secalis. 
The infection types exhibited by F4 or BC F4 
seedlings having Sr I or Sr J are illustrated in Plates 
9 and 10 respectively. 
Genes operative against P.g.seca1is 
The three genes which operate specifically against 
I 
I 
i 
t ,, 
t 
t 
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P.g.secalis were not isolated singly and in a homozygous 
condition in the BC F4 or F4 , although lines having these 
genes were susceptible to P.g.tritici and M9a. Nevertheless, 
lines with single genes for resistance to P.g.secalis 
could be· derived through further selection within some 
of the BC F4 or F4 lines available. 
The difficulties associated with isolating the 
partially dominant gene which operates against all three 
cultures of P.g.secalis stemmed from the lack of a 
suitable culture that could differentiate this . gene from 
the other two, and the fact that the three . genes condition 
a similar infection type (IT 2+). There were, however, 
four BC F4 lines, from three families, which· segregated 
rnonofactorially to each of the three secalis cultures. 
Further evidence of such correlated behaviour in the 
BC F5 would establish the identity of this gene, designated 
provisionally herein as Sr L. 
The _opportunity for isolating the second. gene 
operative against 67401 was dependent upon further 
selection within any of the three F4 or five BC F4 lines, 
from three families, whose differential behaviour to the 
three cultures of P.g;secalis are shown in the 
following table: 
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Generation No . lines . Behaviour to 
67401 .57241 H34 
F4 3 Seg.3R : 1S Hom.susc. Hom. s~sc. 
BC F4 2 
+c Hom. res. (IT 2 ) Seg. 3R: lS Hom.susc. 
BC F4 3 
+c Hom.res.(IT 2 ) Seg.1R:3S Hom.susc. 
Thus, one-third of all resistant plants within any of 
the three F4 lines segregating only to 67401 are expected 
to be homozygous for the gene in question, provisionally 
designated herein as Sr M. Alternatively, all susceptible 
segregants to 57241 in the other five BC F4 ' lines should 
be of the desired genotype . The proportion of these would 
depend upon whether the gene operative against 57241 
behaves as a partially dominant, or as a recessive . gene. 
The second gene operative against 57241 was found 
to be present in a heterozygous condition in five BC F4 
lines that were homozygous susceptible to H34 and 67401. 
This gene is provisionally designated Sr N. In these 
five lines Sr N appeared to be partially dominant. 
Infection types conditioned by six resgenes from Elbon-
Gator-17 
The characteristic seedli~g infection types 
conditioned by Sr I, Sr J, Sr K, Sr L, Sr M and Sr N to 
six cultures of stem rust are shown in Table 22. There 
is evidence of additive gene effects in Elbon-Gator-17 
against 126-6,7, 67401 and 57241. On the other hand, 
the observed parental infection types to 21-0, M9a and 
H34 can be attributed to epistasis. 
Adult Plant Tests 
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Adult BC F4 or F4 plants having Sr L in combination 
with either Sr M or Sr N were found to be susceptible to 
all six cultures of stem rust in glasshouse tests. 
Further, adult plants of Elbon-Gator-17 in field observa- · 
tion rows also showed susceptibility in an epiphytotic 
caused mainly by 57241. From these observations it can 
be concluded that Sr L, Sr M and Sr N do not confer 
resistance to P.g.secalis in adult plants . . In fact, by 
repeated inoculations on leaves at several post-seedling 
stages, it can be demonstrated that these genes do not 
operate in seedlings after the second-leaf stage. 
On the other hand, BC F4 or F4 plants having Sr I 
or Sr J, si~gly or in combination with Sr L, Sr M or 
Sr N were found to be resistant in_ glasshouse tests 
to P.g.tritici cultures 126-6,7 and 21-0, and the 
hybrid M9a, but were susceptible to all three cultures 
of P.g.secalis. Hence Sr I and Sr J are both specific 
to P.g.tritici and M9a and operate throughout the life of 
the plant. 
Table 22 
Characteristic seedling infection types conditioned by six resgenes 
from Elbon-Gator-17. 
C u 1 t u r e 
Sr 
126-6,7 21-0 M9a H34 67401 57241 
I .nn 3::n n ;3=n 3+ 3+ 3+ , , , 
J ;,;12- ;1 2- 3+ ~+ 3+ 
K + = - = ;1 2 -X 2 3 3+ 3+ 3+ 3+ 
L x+ 3+ , 3 3+ 2+-2+3 2+c_z+c3 2+c_z+c3 
M 
-. + + X ,3 3 3+ 3+ 2+c_2+c3 3+ 
N X+ 3+ , 3 3+ 3+ 3+ 2+c_2+c3 
Elbon-Gator O· n 2- 2+ 2c 2c 
' 
: 
-17 
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The Genetic Relationships of Resgenes £rom Kenya-12, 
Gator-2&, Wrens-5 and Elbon-Gator-17 
60 
The genetic relationships among the fourteen resgenes 
identified (Table 23) were studied from the F2 (Table 24) 
and F3 (Table 25) segregation of intercrosses among the 
four resistant parents. The results obtained in these 
studies were in many cases verified by the F2 segregation 
of two factor crosses (2FC-F2) involving F3 plants 
carryi~g single resgenes (Table 26). Homogeneous families 
of the same cross are combined in the F2 and 2FC-F2 data. 
In the F2 and F3 data symbols are necessary to 
deno~e the various situations elaborated in the foot-notes. 
Kenya-12(AB) x Gator-Z~(CD) 
The independent . genetic relationship of genes Sr A, 
Sr B and Sr C is apparent in the F2 data, notwithstanding 
abnormal segregation shown by Sr A and/or Sr C in a 
total of five families. The proposition of independent 
inheritance is substantiated by the behaviour of 289 F3 
lines from two families when tested with M9a. Independence 
between Sr A, Sr C and Sr D is also evident in the 
behaviour of 189 F3 lines to 57241. The results discussed 
above were confirmed in 2FC-F2 studies. 
The. genetic relationship between Sr B and Sr D 
cannot be established in the F2 because there is no culture 
available, including those examined in physiologic 
specialization studies (Part B), that is avirulent on 
seedlings carrying both genes. 
Kenya-12(AB) x Wrens-S(EFGH) 
F2 families when tested with 126-6,7 segregated 
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for t wo or three factors, reflecting as in earlier studies 
the heterogeneity of parent Wrens-5. Sr H is presumably 
present with Sr G in those families segregating for three 
factors. On the basis of this interpretation Sr B appears 
to segregate independently of both Sr G and Sr H. Of 
four families tested with the same culture in the F3 , 
only one segregated in a ratio of 7:8:1. The independent 
segregation of Sr B and Sr G is interpreted to be the 
basis for this ratio. The ratios of the other three 
families neither agree with 7:8:1 nor 45:18:1. If three 
factors were in fact involved, viz. Sr B, Sr G-and Sr H, 
this F3 data is at variance with those of F2 , which 
suggest that the three genes in question are independent 
of each other . It should be mentioned, however, that 
semi-sterility was prevalent among F2 plants within each 
of these F3 families. It is possible that semi-sterility 
in heterozygous F2 plants resulting from meiotic 
irregularities, in which . gametes carrying a recessive 
allele(s) are eliminated, resulted in a deficiency of 
segr~gating lines in the F3 • 
A total of 674 F2 segregants were found to be 
h ighly resistant (IT's 0; and ;) to 21-0 and 57241. As 
seedlings carrying Sr A or Sr E exhibit this very low 
infection type the observation supports the hypothesis 
that these two genes may b& identical or tightly linked. 
If not allelic, the maximum recombination value between 
* them would be approximately 6.7 %. Further evidence 
that Sr A and Sr E may be identical is presented in the 
F3 data where a total of 402 lines were all found to be 
homozygous resistant (IT ;) to 57241. The maximum 
recombination between Sr A and Sr E, if they are in fact · 
not identical, would be approximately 0 . 7t %. 
Because Sr A is epistatic to Sr B, and·Sr E to 
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Sr F, Sr G and Sr H, the . genetic relationship between Sr A 
' 
and Sr F cannot be studied by F2 or F3 tests. However, 
since Sr A and Sr E are identical or tightly linked, and 
it will be shown in later studies involving Gator-28 and 
Wrens-5 that the same. genetic relationship holds for Sr D 
and Sr F - the latter. gene is deduced to be independent 
of Sr A. This proposition is circumstantially supported 
* Derived from the expression (l-p 2/4)n = 0.05, where 
p is the recombination value and n = 674. 
t Calculated from the expressiori (4p-p2/4) = 1 - (P)l/n, 
where p is the recombination value, P the Probability 
(= 0.05) _and n = 402. 
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by the independent segregation behaviour of Sr E and 
Sr Fin the 2FC:F2 , information which·was sought primarily 
to clarify the seemingly non-independence of Sr E and 
Sr Fin BC F3 lines (Table 14). 
Sr G was also shown to segregate independently of 
Sr A and Sr B in 2FC-F2 studies, but no similar data are 
available for Sr H and the two resgenes from Kenya-12. 
Kenya-12(AB) x Elbon-Gator-17(IJKLMN) 
A total of 4784 "F 2 seedlings from twelve families 
were all resistant when tested with M9a or with the two 
tritici cultures. As Sr A is inoperative agairist 126-6,7 
it was postulated that Sr B, on the basis of ·similarity 
in infection type, may be identical with Sr J, or 
alternatively, Sr B may be allelic or tightly linked to 
either SrI or Sr J. The occurrence of F2 seedlings 
exhibiting IT ;3=n in tests usi!lg 126-6,7 :.-.or. M9a is in 
the first instance evidence against the proposition that 
Sr B and Sr J are identical. Sr I (IT ;3=n) has been 
shown to be hypostatic to Sr J in such tests and, 
consequently, its manifestation is inconsistent with the 
proposition. 
In the sample of F2 families tested with 126-6,7 
there is no evidence to suggest that Sr K was present 
because seedlings exhibiting infection types typical of 
this . gene (viz. IT ;1+2a to x-z-) were not discernible. 
In the F3 , a total of 411 lines from four families 
were either homozygous resistant or segregated only for 
resistant infection types, when tested separately with 
21-0 and M9a. The occurrence of three lines homozygous 
for IT ;3 n when tested with M9a or 126-6,7 was considered 
additional evidence against the hypothesis mentioned 
above. Furthermore, the independence of Sr A and Sr B 
on one hand, and Sr J on the other, were clearly 
demonstrated in 2FC-F2 studies which, by contrast, 
implicated allelism or tight linkage between Sr B and 
Sr I, since no susceptible segregant was observed in a 
total of 1045 2FC-F2 seedlings comprising ten families 
from four crosses. In families where it was ·possible 
to classify seedlings accordi~g to their infection types, 
the ratio of those exhibiting the infection type 
attributable to the epistatic_ gene (Sr B) to those which 
phenotypically can be assigned to the _ gene that is 
hypostatic (Sr I) agrees with a 3:1 ratio. On the basis 
of 2BC~F2 data the recombination between Sr B and Sr I 
would not be greater than 5.3%. 
The genetic relationships between Sr A and the 
three genes in Elbon-Gator-17 that are specific to 
P.g.secalis, viz. Sr L, Sr M and Sr N, were elucidated 
by using the appropriate secalis culture. F2 data 
suggest that the four . genes in question are independently 
inherited, and this is substantiated by further tests on 
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three to four families in the F3 . It is noreworthy that 
each of the three families tested with 57241 fit a 
37:26:1 rather than a 45:18:1 ratio, which would suggest 
that Sr N behaved as a recessive in these families. 
As . Sr .B is inoperative against P.g.secalis its 
. genetic relationships with Sr L, Sr M and Sr N could not 
be studied in the F2. 
Gator-28(CD) x Wrens-5(EFGH) 
The independent segregation of Sr C, Sr E and Sr G 
was evident in F2 studies using H34. Sr H was also shown 
to be independent of these three genes in tests using 
M9a or 21~0. In·six families, however, Sr E did not 
segregate normally; nonetheless, in these families the 
ratio of resistant seedlings exhibiting IT ;1 and IT ;2= 
to those susceptible conform to 15:1, reflecting 
independence between Sr C and Sr G. 
The behaviour to H34 of 344 F3 lines from two 
families substantiated the assumption that Sr C is 
inherited independently of Sr E and Sr G. In further 
tests using M9a, Sr H was surmised to be absent in one 
of the two families (family 5 of cross 5 x 28), whilst 
the segregation ~atio in the other reflects independent 
inheritance of the four factors involved, viz. Sr C, 
Sr E, Sr G and Sr H. 
Culture 57241 was necessary to clarify the 
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I 
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relationship of Sr C and Sr D with Sr F. A total of 
1102 F2 seedlings comprising five families, segregated 
for IT; (Sr E), IT ;2= (Sr C) and IT 2+c (Sr D/Sr F) 
but not in a ratio of 12:3:1 as expected - apparently 
as a result of non-Mendelian segr~gation involving Sr E. 
The deviation notwithstanding, this observation led to 
the hypothesis that Sr D and Sr F may be identical or 
tightly linked. In one particular family of cross 
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28 x 5, Sr F seemed to be absent and although non-Mendelian 
segregation of Sr E was apparent, the observed ratio 
nonetheless indicates the independence of Sr C and Sr D. 
The behaviour to 57241 of 344 F3 lines lend support 
to the hypothesis that Sr D and Sr F may be ·identical, 
or tightly linked : no line homozygous for susceptibility, 
or segr~gating for resistant and susceptible infection 
types, was represented amo~g these. Also, there were 22 
lines that were homozygous for IT 2+. Confirmatory 
evidence came from 2FC-F 2 studies in which a total of 1225 
seedlings from two crosses involving Sr D and Sr F were 
exclusively of IT 2+. Based on this population size, 
the maximum recombination between Sr D and Sr F if they 
are not identical - would be approximately 5.1%. 
2FC-F2 studies also confirmed the independent 
inheritance of gene pairs Sr C and Sr E, Sr C and Sr F, 
and Sr D and Sr E. 
Gator-28(CD) x Elbon-Gator-17(IJKLMN) 
The behaviour of 4099 F2 seedlings comprising 
fourteen families when tested with 21-0 or M9a suggests 
that gene Sr C segregates independently of Sr I and 
Sr J. This is corroborated by the behaviour to either 
culture of F3 lines from four families, altho~gh one 
17 x 28 family just deviated (P = 0.02-0.05) for 
independence of three factors. 
With culture H34 the independent inheritance of 
Sr C and Sr L is evident in each of the three (F2 , F3 
and 2FC-F 2) data. 
When 2216 F2 seedlings comprising ten families 
were tested with 57241 no susceptible segregant was 
found. Further, the behaviour to the same culture of 
690 F3 lines from five families is consistent with this 
observation : 154 lines were homozygous for IT 2+. 
It is apparent from these data that Sr D and Sr N may 
be identical, or tightly linked. Although Sr·L conditions 
a similar infection type it is precluded fr~m this 
relationship on the_ ground that, unlike Sr D and Sr N, 
it also operates against H34 and 67401. # 
As mentioned earlier, Gator-28 whose seedlings 
exhibit IT 2+2t to 67401, was considered susceptible 
to this culture. To determine the genetic basis for 
this relatively high infection type a total of 501 F2 
seedlings from crosses between this parent and Elbon-
Gator-17 were tested with 67401. The seedlings 
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s egregated for infection types ranging from zC to ztc. 
This observation suggests that, in addition to Sr C and 
Sr D, Gator-28 has a gene which may correspond to Sr M 
in Elbon-Gator-17. 
Since Sr C is inoperative against 67401 its 
relationship with Sr M cannot be established in the 
present study. It is nonetheless considered to be 
independent of Sr N in view of the latter's relationship 
with Sr D. 
Wrens-S(EFGH) x Elbon-Gator-17(IJKLMN) 
Heterogeneity attributable to both parents, in 
regard to the number of segregating factors, was evident 
when F2 families were tested either with the hybrid or 
the tritici cultures. Of fifteen families tested with 
one of such cultures only three yielded s~gregation 
ratios that are consistent for five independent factors, 
which is the maximum number elicited by the culture. 
The remaining families appeared to segregate for either 
three or four independent factors, but in several 
families it was not possible to distinguish the 
difference. In many instances it was possible to 
determine from the infection types exhibited by resistant 
seedlings whether or not a particular gene was involved 
in segregation, and this applied to Sr I and Sr K in 
particular. 
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The F3 ratio of family 18 of cross 5 x 17 supports 
the~ claim that.the five factors elicited by M9a, viz. 
Sr E, Sr G, Sr H, Sr I and Sr J, are independently 
inherited. On the other hand, the ratio of family 2 of 
cross 17 x 5 indicated that only three factors were 
involved in segregation. Despite the fact that the 
three genes, Sr G, Sr H: and Sr J, are not readily 
distinguishable by their infection types, the absence 
of Sr G as well as Sr H in this particular family is 
inferred from the following observations. Firstly, 
lines homozygous or segregating monogenically for IT 2-
to M9a were all homozygous susceptible to H34 or 67401, 
indicating that Sr J and not Sr G were present in these 
lines. Secondly, there was no line which segregated 
for similar infection types and in a bifactorial ratio; 
such a line would implicate joint segregation involving 
Sr J and Sr H. 
Culture H34 was used to study the segregation of 
+ + Sr E (IT;), Sr G (IT ;1) and Sr L (IT 2 to 2 3) 
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1n the F2 and F3. The families examined however deviated 
significantly for independence as a result of non-Mendelian 
behaviour involving one or two of the three genes. In 
one 5 x 17 F2 family, nevertheless, Sr G and Sr L 
appeared to be independent (P12 : 3 :l = 0.8-0.9). Although 
misclassification of seedlings having Sr L can 
contribute to the deviation, the same cannot be said with 
respect to : r E and Sr G as both condition a low 
infection type. · The cause (s) is unknown. 
A total of 416 F3 lines from two families were 
also tested with 57241. Approximately one-quarter, or 
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100 lines, of these were homozygous for IT 2+, and further, 
there was no line which was homozygous susceptible or 
segregated for both resistant and susceptible infection 
types. These observations suggest that Sr F and Sr N may 
be identical or tightly linked. 
In 2FC-F2 studies the independent inheritance of 
the following pairs of genes Sr E & Sr I, Sr E & Sr J, 
Sr E & Sr N, Sr G & Sr I, Sr G & Sr J and Sr G & Sr L, 
was either implicated or substantiated. 
The collated results of studies of intercrosses 
among resistant parents together with those dealing with 
the analysis of individual parents suggest that the 
probable _ genetic relationships among the fourteen 
r esgenes are as proposed in Table 27. It is necessary, 
however, to assume the independence of the . genes from 
different parents, whose relationships could not be 
established because suitable cultures were not available 
for this purpose. 
Table 23 
Summary of seedling infection types conditioned by fourteen resgenes identified in four 
resistant rye lines to six cultures of Puccinia graminis. 
Gene and Parent 126-617 21-0 M9a H34 67401 
--
Sr A X+ 13+ 
Sr B j 1 ; 12= ;lr ;12= 3+ 3+ 
Kenya-12 . . ; I I 
Sr C X+ 3+ I ;2 = ;2- ;2 = 3+ 
Sr D x+ 3+ I 3 3+ 3+ 3+ 
Gator-28 x+ ;2- ;2 ::: ~:.. ;2 = 2+2::: 
cont. 
57241 . 
3+ 
;2 = 
2+-2+3 
;2 = 
"-J 
..... 
Ill 
._, 9 F .. Pt 
Table 23 cont. 
-·- --
Sr E X+ + ,3 ; 
Sr F x+,3+ 3 
Sr G ;1 ;1 
c = Sr H . 2 , 
Wrens-5 c = ; , ; 1 0; 
Sr I nn • 3::n n , , J ; 
Sr J ;,;12 = ;1 
Sr K ;1+2=-x-2= 3 
Sr L X+ 3+ , 3 
Sr M x+ 3+ , 3 
Sr N x+,3+ 3 
Elbon-Gator-17 O· . n J . 
.. --
.. 
-
-· 
; ; 
3+ 3+ 
;12- ;1 
2 = 3 
O· , o· ,
;3::n 3+ 
2- 3+ 
3+ 3+ 
3+ 2+-2+3 
3+ 3+ 
3+ 3+ 
2- 2+ 
-·· -
; 
3+ 
;l 
3+ 
O· J 
3+ 
3+ 
3+ 
2+c_2+c3 
2+c_2+c3 
3+ 
2c 
-..... 
··-
2+-2+3 
3+ 
3+ 
O· J 
3+ 
3+ 
3+ 
2+c_2+c3 
3+ 
2+c_2+c3 
2c 
-'"' --~ - · ·--- -.. ·---
···--- -- --····- · 
'l 
..... 
0' 
Table 24 
Behaviour of F2 seedlings from crosses between resistant parents. 
Cross Genes #t Fam. Culture IT No. IT No. 
12x28 A X c 3 H34 0;'; = 85 293 ~2 
28xl2 C X A 1 H34 0;,; 62 ;2 = 24 
12x28 AB X C 3 M9a 0;' ; 148 ;1-;2 = 41 
* 28xl2 C x A B 3 M9a 0;'; 432 ;1-;2- 84 
28x12 C x AB 3 21-0 . 355 ;1-;2- 91 , 
* * = 28x12 C D X A 2 57241 0;, ; 879 ;2 303 
28x12 . cn1 x A 6 57241 0;,; = 526 ;2 138 
cont. 
IT No. 
3+ 22 
3+ 3 
3+ 4 
3+ 6 
3 5 
2+ -2+3 55 
3+ 13 
2+-3+ 32 
Ratio 
12:3:1 
12:3:1 
48:15 : 1 
48 : 15 : 1 
48:15 : 1 
48 : 12:3:1 
12:3:1 
p 
0.3-0.5 
0.05-0 . 10 
0. 5-0 . 7 
< 0.01 
0.1-0.2 
< 0.01 
0.1-0.2 
"'-l 
N 
su 
Table 24 cont. 
"" 12x5 B x GH 1 
"" 12x5 B x GH 2 
..... ,... 
Sxl2 GH x B 2 
"" Sx12 GH x B 3 
"" 12x5 A x EGH 3 
-
" Sx12 EF x A 3 
" 12xl7 AB x IJ 1 
" 17x12 IJ x AB 5 
" 17x12 IJ x AB 1 
" " 
12x17 B X IJ(J() 4 
" " 17xl2 IJ(K) x B 1 
cont . 
-------·-·· 
126-6,7 
126-6,7 
126-6,7 
126-6,7 
21-0 0;'; 
57241 O· J 
M9a = :=n 0;-;12 ,;3 
M9a = =n 0;-;12 ,;3 
21-0 0;-;1 n 
126-6,7 + :=n 0;-;1 ,;3 
12< 6,7 = :=n 0;-;12 ,;3 
c = ; -; 12 137 
c = ; -;12 325 
c ; -;12 = 550 
;c-;12 = 864 
37lt 
303t 
1275 t 
1391 t 
547t 
1325t 
246t 
X+ 10 
X+ 3 
x+,3+ 35 
X+ 7 
15:1 
63:1 
15:1 
63:1 
0.7-0.8 
0.7-0.8 
0.7-0.8 
0.05-0.10 
---J 
N 
0' 
Table 24 cont. 
-
12x17 A x L 3 H34 ; 948 
17x12 L x A 1 H34 : llO 
12x17 Ax LM 1 67401 : 398 
17x12 LM x A 3 67401 ; 1ll8 
12xl7 A x LN 2 57241 : 1126 
17xl2 LN x A 1 57241 ; 355 
*" 
28x5 c X E G 3 H34 0;' ; 319 
" Sx28 EG X c 1 H34 0;' ; 710 
""' Sx28 EGH x C 1 M9a 0;' ; 619 
""' 5x28 EGH x C 2 21-0 0;' j 968 
" 5x28 E*G(H) x C 3 21-0 0;' j 596 
cont. 
2+ 74 2+3-3+ 
2+ 10 
2+3-3+ 
2+c_2+c3 113 3+ 
2+c_2+c3 335 3+ 
2+c_2+c3 310 3+ 
2+c_z+c3 87 3+ 
= :t ; 1-; 2 57 
= 3+ ;1-;2 185 
= ; 1-; 2 212 2+3-3+ 
= 23-,3 ;1-;2 329 
= 23-,3 ;1-;2 142 
202 12:1:3 
24 12:1:3 
10 48:15:1 
24 48:15:1 
55 48:13:3 
21 48:13:3 
5 48:15:1 
12 48:15:1 
3 192:63:1 
4 192:63:1 
6 48:15:1 
0.1-0.2 
0.7-0.8 
0.3-0.5 
0.2-0.3 
0.1-0.2 
0.5-0.7 
0.02-0.0S 
0.05-0.10 
0.8-0.9 
0.5-0.7 
< 0.01 
" N n 
Table 24 cont. 
"' 28x5 CD x E*F 4 57241 0;'; 489 ;2- 51 2c-2+c 28 12 :3:1 < 0.01 
-
,.. 
Sx28 E*F x CD 1 57241 0; 1 ; 456 = ;2 54 2+c 24 12:3:1 < 0.01 
-
"' 28x5 CD x E* (F) 1 57241 0;' ; - 389 ;2 = 56 2+c_z+c3 21 48:12:3:1 < 0.01 
3+ 3 
,.. 
28x17 C X IJ 1 21-0 ;n ,;I-2- 356 3 2 63:1 0.2-0.3 
"' 
17x28 IJ X c 1 21-0 n :: ; ,;1-2 451 23- , 3 7 63:1 0.95 
"' 
28x17 C X IJ 2 M9a - =n ;1-2-,;3- 362 + + 2 3-3 5 63:1 0.7-0.8 
" 
17x28 IJ X c 8 M9a = ::n ;1-2 ,;3 802 2+3-3+ 9 63: 1 0.2-0.3 
"' 17x28 IJ X c 2 M9a ;1-2 = 1981 ·3=n 
' 
89 2+3-3+ 25 60:3: 1 0.2-0.3 
28x17 C XL 2 H34 ;2= 258 2+ 17 2+3-3+ 57 12: 3:1 0.3-0.5 
17x28 L X C 5 H34 ;2- 1141 2+- 2+3 280 3+ 78 12:3:1 0.2-0.3 
28x17 C*D x LN 3 57241 ;2 = 322 2c,2+c . 72 3:1 < 0.01 
17x28 LN x CD 7 57241 ;2 = 1392 2c,2+c 430 3:1 0.1-0.2 
28x17 x LM 1 67401 2c-2tc 152t 
- -
17x28 LM x 2 67401 2c- 2!c 349t 
- -
'-J 
N 
cont. --·- 0.. 
Table 24 cont. 
AA ;.. 
= ::n 3+ Sx17 EGH x IJ 3 M9a 0;-2 t;3 705 1 255:1 0.2-0.3 
1023:1 0.5-0.7 
;.. A A = =n 3+ 17x5 IJ x E(G)(H) 2 M9a 0;,2-,;3- 334 4 63:1 0.5-0. 7 
A AA 
= 3+ 17x5 (I)J x EGH 1 M9a 0;-2 407 1 255:1 0 . 5-0.7 
A AA 
= ::n 3+ 17x5 IJ x EGH 1 M9a 0;, ; 344 ;1-2 ,;3 115 3 192:63:1 0.2-0.3 
A AA 
= 2+3 17x5 (I)J x EGH 1 M9a 0;, ; 193 ;1-2 61 1 48:15:1 0.2-0.3 
!"92:63 :1 0.95-0.98 
AA A AA 
= 416t Sx17 GH x (I)JK 2 126-6,7 0;-;12 
A A AA + = 3+ 17x5 (I)JK x GH 2 126-6,7 0;-;1 2 470 1 255:1 0.5-0.7 
A A A A 
0·-·1cn ·3=n + + 17x5 IJ(K) x G(H) 1 126-6,7 
' ' 
407 
' 
15 X ,3 9 60:3:1 0.3-0.5 
A 
"" = 1.7x5 IJ x EGH 2 21-0 0; -2 786 23 4 255:1 0.5-0.7 
;.. 
2+ 2+3-3+ 26 Sx17 E*(G) x L* 3 H34 . 188 25 12:1 : 3 < 0.01 , 
" 2+ Sx17 E*G x L 1 H34 ; 331 ;1 60 6 48:12:1:3 < 0.01 
2+3-3+ 14 
A 
2+ 17x5 L* x EG* 1 H34 0;, ; 385 ;1 15 35 48:12:1:3 < 0.01 
2+3-3+ 54 
--------~· -·· - ··- - · ·o- ·· ---·-···· . --- ----·--·······-·· -
- -.... ~- -- ~ -···· ~- ----- . ·· ···--·- -·--- - ------·----
..._, 
N 
(!) 
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Table 25 
Behaviour of F 3 lines from crosses bet\o1een resistant parents. 
Cross Genes Family 
Number of lines 
Culture 
Hom. Res. Seg. Hom.Susc. 
12x28 AB X C 1 M9a 104 80 5 
28x12 c X AB 3 M9a 67 32 1 
12x28 AxC 1 H34 80 96 13 
28x12 C X A 2 H34 15 20 3 
28xl2 C X A 3 H34 38 32 5 
12x28 A x CD 1 57241 131 55 3 
cont. 
Ratio 
37:26:1 
37:26:1 
7:8:1 
7:8:1 
7:8:1 
45:18:1 
p · 
0.3-0.5 
0.2-0.3 
0.8-0.9 
0.8-0.9 
0.3-0.5 
0.95-0.98 
-..J 
tl'l 
Pol 
Table 25 cont. 
-
A 
12x5 Ax EF 4 57241 93 
-
-A 
12x5 A x EF 5 57241 99 
- -A 
12x5 A x EF 6 57241 77 
-A 
-
Sx12 EF x A 2 57241 82 
- .... -
5x12 EF x A 13 57241 21 
--A -
5x12 EF X A 14 57241 30 
A-..... 
12x5 B x G(H) 4 126-6,7 42 48 3 7:8:1 0.3- 0.5 
AI'. 
12x5 B x GH 5 126-6,7 92 7 0 45:18 :1 < 0.01 
AA 
12x5 B x GH 6 126-6,7 69 8 0 45:18:1 < 0.01 
AA 
Sxl2 GH x B 2 126-6,7 79 2 1 45:18:1 < 0.01 
A 
12x17 AB X !J 16 21-0/M9a 99 
..... 
12xl7 AB x IJ 17 21-0/M9a 77 
" 17xl2 IJ x AB 2 21-0/M9a 130 
A 
17x12 IJ x AB 3 21-0/M9a 105 
12x17 A x L 16 H34 - 28 34 3 7:8:1 0,8-0.9 
12x17 A X L 17 H34 33 32 8 7:8:1 0 . 2~0 . 3 
cont. 
-....] 
VI 
cr 
Table 25 cont. 
-
17x12 L X A 2 H34 
17x12 L x A 3 H34 
12x17 . Ax LM 16 67401 
12xl7 A x LM 17 67401 
17x12 LM x A 3 67401 
12x17 A x LN 17 57241 
17x12 LN X A 2 57241 
17x12 LN x A 3 57241 
A 
5x28 EG X C 4 H34 
A 
Sx28 EG X c 5 H34 
......... 
Sx28 EGH X C 4 M9a 
"' ;... 
Sx28 EG(H) x C 5 M9a 
" X CDJ Sx28 EE 4 57241 
" 
x ci Sx28 EF 5 57241 
cont. 
27 25 6 
31 32 6 
47 22 2 
90 30 4 
43 17 3 
40 32 2 
36 23 3 
53 44 3 
111 53 4 
114 60 2 
130 35 3 
114 60 2 
78 79T 11 (IT 2+) 
77 88T 11 (IT 2+) 
- -
7:8:1 
7:8 :1 
45:18:1 
45:18 : 1 
45:18:1 
37:26:1 
37: 26:1 
37:26 :1 
45:18 : 1 
45:18:1 
199:56:1 
.45:18 : 1 
7:8:1 
7:8:1 
-- -----
0.3-0.5 
0. 5-0. 7 
0.5-0.7 
0.2-0.3 
0.2-0.3 
0 .5-0.7 
0 . 2-0.3 
0.5-0.7 
o. 3-0.5 
0.2-0.3 
0 .05-0.10 
0.2-0.3 
0.7-0.8 
1.0 
-...J 
(;.1 
0 
"""""-"'""'--'"""'-._,. ____ ......................... _ ..... ,...,...~ ...... .,..,...,_.__,-~~- -~-··-·-······- -·-·. 
Table 25 cont. 
" 28x17 C X IJ 8 21-0 92 
,.. 
28x17 C X IJ 9 M9a 87 
,.. 
17x28 IJ XC 5 M9a 178 
,.. 
17x28 IJ XC 6 21- 0 99 
" 17x28 IJ XC 7 M9a 50 
28x17 C X L 8 H34 70 
17x28 L X C 5 H34 64 
17x28 L X C 6 H34 27 
17x28 L X C 7 H34 57 
28x17 CDrx LNr 8 57241 37 
28x17 CDrx LNr 9 57241 28 
17x28 L;rx cor 5 57241 77 
17x28 LNrx CBr 6 57241 39 
17x28 LNr~ CDr 7 57241 14 
cont. 
28 0 
24 3 
47 4 
30 1 
20 1 
68 4 
63 11 
40 7 
67 11 
83T · 34(IT 2+) 
36T 25(IT 2+) 
lllT 43(IT 2+) 
67T 29(IT 2+) 
44T 23(IT 2+) 
. ., . . .. ·· ··- ... -· · ·- · ··~ 4 ... . _,_~ 
45:18:1 
45:18:1 
45:18:1 
45:18 :1 
45:18:1 
7:8:1 
7:8:1 
7:8:1 
7:8:1 
1:2:1 
1:2 : 1 
1:2:1 
1:2:1 
1:2:1 
0.1-0.2 
0.1-0.2 
0.02-0.05 
0. 3-0'. 5 
0.95-0.98 
0.05-0.10 
0.3-0.5 
0.3-0.5 
0.7-0.8 
0.5-0.7 
0.1-0.2 
< 0.01 
0.3-0.5 
0.2-0.3 
'-.J 
VI p. 
Table 25 cont. 
-
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.... 
5xl7 EGH x IJ 18 M9a 239 4 0 913:50:1 0.05-0.10 
A 
" "' 17x5 IJ x E (G) (H) 
"' 
2 M9a 146 51 1 45:18:1 0.3-0.5 
Sxl7 EG x L* 18 H34 214 30 0 45:18:1 < 0.01 
5xl7 LN!x EFJ 18 57241 52 120T 69(IT 2+) 1:2:1 0. 30• 
17x5 EF1x LN! 2 57241 43 lOlT 3l(IT 2+) 1:2:1 0.05-0.10 
Foot-notes to Tables 24 and 25 
* 
"' 
Asterisk indicates non-Mendelian 
segregation of gene. 
Hat indicates that this gene may not 
be represented in the cross, as was 
r evealed in earlier studies of 
crosses involving susceptible parents. 
( ) Gene in parentheses is surmised to be 
absent in cross on the evidence that 
F2 seedlings or F3 lines exhibiting 
its characteristic infection type 
are not represented in segregating 
family(ies). 
J 
T 
t 
Two genes in cross are underlined if the 
data suggest, within the limit of the 
population tested, that they could be 
identical, or tightly linked in repulsion. 
Indicates that F2 seedlings or F3 lines 
exhibiting infection type(s) typical of 
this gene are combined with, or cl assified 
as, susceptible or homozygous susceptible. 
Denotes segregation for resistant 
infection types only . 
The minimum number of F2 s egregants requl!·ed 
to distinguish at P = 0.05 a 15 :1, 63:1 and 
255 :1 from allelism are respectively 47, 
191 and 766. 
""-1 
t.>-1 
@ 
Table 26 
-
Segregation behaviour of 2FC-F2 seedlings. 
-- - -
Cross Genes Jt Culture F1 IT IT No. No. Fam. IT 
2 A X c 2 21-0 , ; 111 ;2 
:; 
21-0 = 20. A X c 2 O· . 85 ;2 , , 
181 c X A 1 57241 O· . 44 ·2= , , , 
14 A X D 1 57241 0; ; 167 2+ 2+3 , 
131 D X A 2 57241 O· , ; 202 2+ 2+3 , 
54 G X A 2 M9a O· , ; 142 ;1 
8 A x I 1 M9a . ; 148 ;3=n , 
21 A x I 4 M9a ; . 252 •3=n 
' 
, 
22 A X J 3 M9a 0; 0;,; 228 z= 
24 A X J 2 M9a o· , 0; , ; 230 2= 
27 A X J 1 21-0 : ;-;1 
73 N X A 1 57241 o· . 42 2+c,2+c3 , , 
cont. 
No. IT No. 
25 23= 8 
28 3 7 
12 3+ 4 
41 3+ 14 
66 3+ 24 
31 3+ 9 
42 3 8 
64 3 17 
43 3 14 
68 3 18 
128 23= 6 
14 3+ 5 
Ratio 
12:3:1 
12:3:1 
12:3 :1 
12:3:1 
12:3:1 
12:3:1 
12:3:1 
12:3:1 
12:3:1 
12:3:1 
15 : 1 
12:3:1 
p 
0.8-0.9 
0.3-0.5 
0.95-0.98 
0.90-0.95 
0 .05-0.10 
0 . 5-0.7 
0 . 3-0.5 
0.5-0.7 
0.2-0.3 
0. 3-0.5 
0.3-0 . 5 
0 . 5-0.7 
-....! 
.f::. 
~ 
-.... · ..-. ~ ~~-....... - .,....... . - ... .-.- .. -.  -~ .. ~--· .. - ...... 
Table 26 cont. 
-
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1 B X c 2 21-0 ·1+ 
• 
;1-;2 = 68 3 6 15 :1 0.5-0.7 
26 B X C 2 21-0 1 ;1-;2- 270 3 19 15:1 0.8-0.9 
104 B X c 5 M9a ;1 ;1-;2 = 345 3 24 15:1 0. 8-0 . 9 
18 B x G 4 M9a ;1 ;1-2 = 371 2+3,3 32 15:1 0.1-0.2 
91 B X G 1 126-6,7 ; .c_1+2= J 146 X+3 3+ 8 , 15:1 0 . 5-0.7 
19 B x I 1 21-0 . .. n 140 ; 1 46 3:1 0.90-0.95 • • •• 
59 B X I 2 21-0 ;ln ;n-; 1 130 
106 B x I 4 M9a ;1 ;1211 377 ;3~n 136 3:1 0.3-0.5 
70 I X B 1 126-6,7 1 ;12~ 86 ;3~n 32 3:1 0.5-0.7 
70 I x B 1 21-0 ;1n ;1 70 .nn 28 3:1 0.3-0.5 • 
70 I X B 1 21-0 ·1n , .n_ .1 
• • 
60 
16 B X J 3 21-0 ; 1 ;1-1+2= 307 3 26 15:1 0 . 2-0.3 
32 B X J 2 21-0 ;1 ;1-1+2= 329 3 13 15:1 0.05-0.10 
49 J X B 2 21-0 ;1 ;1-1+2= 230 3 9 15:1 0.1-0. 2 
80 E X C 1 M9a O· J 0; J ; 56 ;2 = 20 2+3 5 12:3:1 0.3-0.5 
153 F X C 2 57241 ;1 + ;2= 119 2+~2+c3 25 3+ 14 12: 3:1 0.2-0.3 
186 F X c 2 57241 ;1+ ; 2- 281 2+C2+C3 J 61 3+ 20 12:3:1 0.5-0.7 
36 G X C 1 H34 ;1 ;1-;2= 61 3+ 4 15:1 0.95-0.98 
62 G X c 1 H34 ;12- ;1-;2 = 3+ 212 14 15:1 0 .95-0. 98 
cont . '-J 
.$:>. 
0" 
Table 26 cont. 
-
· ·- - r• '--
33 J XC 2 21-0 ;1 
112 L X c 2 H34 ;1 ;2 = 
67 D X E 3 .57241 O· . , 
• 
131 D x E 1 57241 0; ; 
187 D x E 3 57241 O· , ; 
159 F X D i 57241 z+ 2+ 
183 F X D 6 57241 2+ 2+ 
154 F X E 2 57241 ; ; 
188 F x E 1 57241 . ; 
• 
38 E x I 2 M9a n . : . 
37 E X J 3 M9a O· 
• 
; 
126 E X J 1 M9a ; ; 
90 N X E 1 57241 ; . , 
182 L x F 3 57241 2 
6 G X I 1 21-0 =n n ;1 ; 
63 G X J 1 M9a ;1 
47 J X G 2 21-0 ;1 
51 L X G 2 H34 ; 1 ;1 
;1-;12 = 
141 2+ 2+3 , 
397 2+,2+ 3 
18 2+ 2+3 , 
172 2+,2+3 
45 
1180 
199 2+c 2+c3 , 
114 2+c,2+c3 
308 ;3=n 
222 2= 
164 2-
112 2+ 2+3 , 
2c-2+c3 
50 ·1+ , 
;1-2= 
;1-;12-
161 2+,2+3 
- . 
142 
29 
78 
8 
42 
48 
20 
69 
40 
36 
24 
412 
19 
46 
98 
37 
3 9 12:3:1 0.8-0.9 
3+ 7 12:3:1 0.2-0.3 
3+ 37 12: 3: 1 0.1-0.2 
3+ 4 12:3:1 0.1-0. 2 
3+ 10 12:3:1 0.5-0.7 
3+ 13 12 : 3:1 0.5-0.7 
3+ 10 12:3:1 0.3-0.5 
3 20 12:3 : 1 0 . 3-0.5 
3 18 12:3:1 0 . 1-0.2 
3 14 12:3 :1 0.7-0.8 
3+ 6 12:3:1 0 . 3-0.5 
3+ 21 15:1 0.2-0.3 
3 4 12:3:1 0.2-0.3 
3 2 12:3:1 0.5-0.7 
3 3 12:3:1 0.1-0.2 
3+ 21 12:3:1 0.1 -0.2 
·- -- ---·-·- --- ·-
- - ·· . ·- ---- --·-·- -··· - ·- · . ·-
'I 
.;:.. 
0 
Table 27 
The probable genetic relationships among fourt een resgenes identified in four resistant 
rye parents. 
Source Group 1 
Kenya-12 A 
Gator-28 
Wrens-5 ==E 
Elbon-Gator-17 
= Identical or tightly l inked. 
··Allelic or tightly linked. 
* 
2 
B 
.. 
I 
3 4 5 6 7 8 
c D 
==F G H 
* :::N J K 
Sr K is independent of Sr I and Sr J, but its relationships with other genes have 
not been studied. 
9 
L 
10 
(M) 
M 
'"-1 
tn 
DISCUSSION 
In the genetic study reported above fourteen 
~esgenes , of which eleven a r e believed to be different, 
were identified in four resistant inbred lines o£ 
S . cereal e. These genes confer resistance to either 
;.g . sec&:is or P . g . ~~~tici and a somatic hybrid, but 
three (viz. Sr A, Sr C and Sr G) are effective against 
all three . Of the eleven genes mentioned above nine 
have been isolated from either F3 or F4 plants. and 
~re described in Appendix 1. They are available on 
request to any other interested persons. 
It is interes ting to note that in certain selected 
varieties of common wheat, resistance to P . g . sccalis is 
determined by a relatively smal l number of_ genes whict 
appear to be specific against this forma specialis . 
These wheats have in addition other genes which opera te 
agains t this rust but wh ich are also effective 
agains t P.g . tritici. 
With the exception of Sr B and Sr I, which are 
either allelic or tightly linked in repulsion, the 
.. :aj ori ty of res genes ident i fied in the study appear to 
be i ndependently inherited. Allelism for genes 
concerned with resistance to P. g .tritici has also 
been reported in wheat, for example, the Sr 9 locus 
(l\ic into s h & Luig, 1973) . 
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The inconsistent behaviour of Sr N - as a 
partially dominant gene in some instances and as a 
recessive in others - is surprising in View of ~~e f act 
that Sr D and Sr F, with both of which it may be 
identical, have not been observed to manifest ~ccessivc­
~e s s in segregation. The influence or otherwise of 
environment and/o~ g2~etic background could be 
~etcr~ined by first transferring the three s ~~cs, singly, 
into a co~~on suscep:ible genetic background by 
~ccurrcnt backcrosses. If the three genes arc in fact 
i~cntic a l they would be expected to exhibit the sa~e 
s egr e gation behaviour and dominance relationships 
upon sclfing. Should such a result be indicated, the 
ori ginal difference in the dominance relationships 
could have been conditioned by a modifying factor(s). 
A further difficulty was experienced in attempting 
to account for the apparent non-Mendelian segregation 
o f certain_ genes in several families, in particular, 
Sr A, Sr C and Sr E (see Table 24). In these 
families the dominant alleles seemed to be transmitted 
- ~ a higher frequency. There are similar exampl e s 
of differential transmissior~ of gametes in ·wh eat, and 
the genetic mechanisms respo~sible for this p~enomenon 
have been outlined by Luig (1968). The three _ genes 
mentioned above, however, segregated normally in 
crosses where only two f actors were involved. 
n 
Undoubtedly, self-fertility is singularly 'the 
r.~ost vi tal factor in determining the feasibili ~y oi 
the undertaking reported herein. The gametop~ytic 
system of self-incompatibility operating in r ye is 
controlled by two loci, S and Z, each of which has 
a mul tiple allelomorphic series (Lunqvist, 1956, 19 53). 
Eac~ pollen grai~ -contains t wo incompatibility 
f~ctors, one at each locus, and both have to be matched 
in the style for incompatibility to occur. Lunqvist 
(1958) also fcund that the S and Z allelic series each 
contain a s e lf-fertility allele, i.e., Sf or Zf. 
Pol len grains that carry Sf and/or Zf allele(s) can 
grow and function on any style or stigma tissues, 
irrespective of the S or Z allele that these tissues 
carry. The inbred lines chosen in this project are 
presumably homozygous for one or both self-fertility 
alleles. Partial sterility was however observed in 
some F1 and F2 plants of certain corsses, but this is 
probably due to chromosomal aberration(s), or caused 
by (unknown) . genetic factors other than those of the 
ir ..compat ibility system (cf. Wricke, 1969). 
The heterogeneity of parent Wrens-5 is surprising 
since this line has been inbred for some 15 generations 
(Morey, pers. comm., 1972). It is nevertheless 
homozygous with respect to Sr E (epistatic), but 
Sr G and/or Sr H may be present or absent in individual 
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? l &n t s of this stock. If sibcrosses or open- pol:ination 
had been r esorted to in ceFtain generation(s), to 
overcome sterility, heterogeneity could be expectec) 
b~ t as long as indiviciual plants remained homozygous 
wi t h r espect to Sr E this would no t be manifest in 
t ests using cultures other than 126-6,7 . . 
Elbon-Gator-17 : s not only heterogeneous for 
Sr I and Sr K : the original seed stock cons isted of 
approx i ma tely equal proportions of resistant and 
susceptibl e individuals when tested with a culture of 
r ye l e a f rust (Puccinia recondita Rob . ex Desm. f . 
sp . secalis (Erikss .) Carl.). Further, the 
heterozygosity of some of the res istant individuals 
wa s indicated by the monofactorial segregation of 
t heir progenies. Individuals with glabrous peduncles 
were also included in the original seed stock which 
consisted predominantly of Hairy Neck individuals. 
Retrospect i vely, the heterogeneity of Wrens-5 
and Elbon-Gator-17 underlines the importance of 
geneti c purity of parental stocks, and it is proposed 
that in future projects single plant selections should 
be made from heterogeneous stocks. The results 
obtained using progeny of the same single pl ant 
s elections should be repeatable and comparable. 
The chromosomes in which the different genes for 
rus t resistance are located could be determined by 
7r~ 
trisomic analysis as has been done in barley 
(Ramage, 1970}, or by assaying wheat-rye chromosome 
addition lines. Although trisomic stocks of rye are 
not available, three different sets of wheat-rye 
. 
chromosome addition lines have been developed 
(O ' Mara, 1940, 1951; Evans & Jenkins, 1960; Riley & 
Macer , 1966). In conjunction with the conventional 
genetic studies of Secale resistance, two series of 
addition lines, Holdfast-King II and Chinese -Imperial 
(Plate llJ, together with their respective wheat and 
rye parents and amphiploids, were tested with 126-6,7 
and 21-0 for evidence of resistance to P~g.tritici. 
The seven Holdfast-King II addition lines w~re found 
to be suscept i bl e to both cultures, although King II 
and the amphiplo id were both highly resistant (IT 0;). 
These resul ts, although anomalous, are consistent with 
those of Riley & Macer (1966). The chromosome 
complements of the plants tested had also been checked 
fro m counts made on their root tips. 
The negative results discussed in the foregoing 
are at variance with those obtained by conventional 
gene tic analysis : the author isolated two (independent) 
dominant genes (IT ;n and IT 12E) both of which are 
effective against the tritici cultures and M9a, from a 
cross made between Wrens-6 and a resistant (IT 0;) a~d 
self-incompatible plant of Ki~g II. 
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It is noteworthy that . genes from S. cerealc , 
which conditi6n resis tance to wheat leaf rust (P. iecondita 
£. sp. :ritici), have been reported to be inoperative 
i n wheat-rye F1 hybrids (Quinones et al. , -- 1972)' 
suggesting that their activity is suppressed by the 
\·;heat genome , by factor(s) in the cytoplasm, or by an 
i nhibitor gene(s) loca~eC in a specific wheat 
chrornosome(s). The same cause(s) may also be invoked 
t o explain the observation made by Lopez et al. 
(1972) that, in general, the reactions of triticales 
to wheat and rye stem rusts resemble those of wheat 
r~ther than those of rye. 
In further studies of addition lines; it was 
foun d that both line 'E' t= chromosome IR : Shepherd . & 
Jennings , 1971) and line.'G' (=chromosome 3R: Lee 
et al ., 1969) of Chinese Spring x Imperial rye had 
r esistance to wheat stern rust. The resistance ? res ent 
in line 'G' is the same transfer r e d to hexaploid 
wheat by Acosta (1961) and studied also by Stewart et al. 
(1968). One such wheat stock (WRT-238-5) and certain 
F3 lines from a cross between this stock and one 
x (W3498 ) which is susceptible to both wheat and rye 
stem rusts were found to be resistant (IT ;) t o 
126-6,7, 21-0 and M9a. This suggests that the _ ~cne(s) 
-~ Sydney University wheat accession number. 
• 
located in chromosome 3R of Imperial is diffeYent, and is 
distinguishabl~, from either Sr A or Sr E by its 
effectiveness against 126-6,7. 
The resistance associated with line 'E' (IT l +2=) 
was recognized in these studies and independently by 
Locgering (pers. comm., 1972) in Missouri, U.S.A. 
Recurrent backcrosses to ~~e~~ stock W3498 yielded 2n = 43 
individuals which were resistant and susceptible to wheat 
and rye stem rust, respectively. The resgene(s) located 
in cr.romos orne lR of Imperial rye is thus effec ti vc only 
against wheat stem rust; in this behaviour as well as 
1n infection type it could be identical with Sr B, Sr H 
or Sr J. Although the relations~ips of the ·cat least) 
two Imperial resgenes with those identified in the 
p~esent study can be established by conventional_ genetic 
analysis, there is no record, or remnant progeny seed 
material, of the original I~perial plant used by 
Dr. J.G. O'Mara in the development of the Chinese-
Imperial F1 (Loegering, pers. comm., 1972). 
Rye has seven pairs of chromosomes and the eleven, 
purportedly different, resgenes identified in the 
present study must be distributed in such a way that 
s~me chromosome(s) carry two or more of these . genes. 
However, providing they are 50 or more cross-over units 
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~part they could be expected to exhibit indcpcncient 
segregation, and it is relevant to note that rye 
cl:~omosomes are relatively large in comparison with 
those of wheat. 
CONCLUSIONS 
The recognition and isolation of specific 
resgenes in S. cereale as the basis for resistance to 
P. graminis f. sp. tritici and f. sp. secalis is the 
main contribution of this genetic study. 
Stocks carrying these genes singly could comprise 
the basic material to initiate a catalogue of Sr 
genes from the genus Secale, which in turn could. be the 
basis for establishing the identity of genes newly 
isolated from this genus. Many new Sr genes may be 
expected to be found from similar conventional genetic 
studies, considering that only a very small number 
of parental stocks have been examined. 
With suitable susceptible stocks now available 
(Part C) it should be possible to extend the present 
study of Secale resistance to include other formae 
speciales of P. graminis, especially those which are 
specialized on grasses. 
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Plate 1 
Ears of (L - R) Wrens-5, Wrens-6, Kenya-12, Elbon-Gator-17, 
Gator-French- 20 and Gator- 28. 
I 

Plate 2 
A section of an F2 nursery at the Sydney University Agri cultural Research Station at 
Castle Hill 
II 

L R 
Plate 3 
(L) An individual plant bagged at anthesis; 
(R) A high degree of seed-set following enforced selfing . 
Ill 

1 2 3 4 5 
Plate 4 
Infection types of seedlings carrying : Sr A, tested with 
(l) 57241, (2) M9a and (3) 126-6,7 : Sr B, tested with 
(4 ) 126-6,7, (5) M9a and (6) 57241. 
6 
IV 
{'!,a_/ 
16 t.; I 
1 2 3 4 
Plate ~ Infection types of an F3 line segregating for Sr B 
and a gene(s) conditioning IT X+, when tested with 126-6,7 
seedling with (1 ) Sr B plus 'IT x+• gene, (2) Sr B, 
(3) 'IT x+• gene, and (4) both genes absent . 
v 

1 2 3 4 5 6 7 
Plate 6 
Stem reactions of adult p l ant s carrying : Sr A, tested with 
( 1) 57241, (2) 21-0, (3) M9a and (4) 126- 6,7 ; Sr B, tested 
with (5) 57241, (6) 21-0 , (7) M9a and (8) 126-6,7. 
8 
VI 
\/<1 ~I II t ~,.) 
v '- ' 
L M R 
Plate 7 Anthocyanin pigmentation of first leaf : seedlings of (L) Gator-28, (M) F2 of cross 28 x 6, and (R) Wrens-6. 
VII 
1 2 3 4 
Plate 8 
Infection types on seedlings of (1) Gator- 28 (CC DD), 
(2) genotype CCdd, (3) genotype ccDD, and (4) 
Wrens-6 (ccdd), tested with 57241. 
VIII 

1 2 3 4 5 6 7 8 9 
A B 
Plate 9 Infection types of : (A) Elbon-Gator-17 seedlings, tested 
with (I) 126-6,7, (2) 21-0 and (3) M9a; (B) seedlings carrying SrI, 
tested with (4) 126-6,7, (5) 21-0, (6) M9a, (7) H34, (8) 67401 and 
(9) 57241. 
IX 

1 2 3 4 5 
Plate 10 
Infection t ypes of seedlings carrying Sr J, tested with 
(1) 126-6, 7, (2) 21-0, (3) M9a, (4) H34, (5) 67401 and 
(6) 57241. 
6 
X 
f);o /J ;o 
Plate 11 
Chinese Spring - Imperial rye chromosome addition line series : (L - R) Imperial r ye , 
Chinese Spring, Chinese Spring x Imperial Triticale, line 'A', line 'B', line 'C', 
line 'D', line 'E', line 'F' and line 'G'. 
XI 
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PART B 
Physiologic Specialization in Puaainia graminis Pers. 
forma specialis seaaZis (Erikss. & Henn.). 
INTRODUCTION 
W~ilst the occurrence of physiologic races of 
Pilccini a graminis f.sp. tritici is universally recognised 
little is known of tne extent of physiologic specialization 
o£ Puccinia graminis f.sp. secalis, to which it is closely 
related (Watson & Luig, 1~59, 1962, 1968). Although the 
opportunity for sexual hybridization on barberry 
(Ber beris vulgaris L.) is limited on the Australian 
uain1and, it is now known that somatic hybridization 
between the two formae speciales can occur naturally on 
congenial _ grasses (Luig & Watson, 1971). Crossing between 
t hem can be shown under experimental conditions (Bridgman 
& Wilcoxson, 1959; Watson & Luig, 1959, 1962). Such 
hybrids should theoretically exhibit the characteristics 
of the pa rents. 
Several mono-resgenic lines were isolated in the 
inheritance study of Secale resistance to Puccinia graminis 
(Part A). Since hosts with single resgenes have the 
. gr eatest power in resolving variability (Person, 1967) 
i t was conjectured that these should provide the best 
m~ teri a l needed to determine the extent of geneti~ 
variability in field and laboratory cultures of 
P . g .se ca lis and putative hybrids between this forma 
specialis and P. g . t ritici. 
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LITERATURE REVIEW 
There are only two papers dealing witt the 
physiologic specialization of Puccinia graminis s ecalis 
::nd no work has been done previously in Australia. 
Levine & Stakman (1923) claimed that in North 
America P.g.secalis comprised at least two, and probably 
~hree, distinct physiologic forms, identified by their 
~ifferential pathogenicity on three open-pollin~ted rye 
cultivars - Rosen, Swedish and Prolific. In later work 
t hree more differentials, namely, cvs. Dakold, Colorless 
~nd Giant Winter, were added by Cotter & Levine (1932). 
These latter workers claimed that it was possible to 
~ establish the existence of at least fourteen physiologic 
f orms of the organism, from isolates collected in North 
America and Europe (France, Scotland and Sweden). To 
overcome the difficulties inherent in working with 
heterogeneous host materials they determined varietal 
~c actions on the basis of proportion of resistant and 
susceptible seedlings. 
No further work on the subject has been reported 
s ince. 
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. MATERIALS 
Differential Hosts 
A set comprising the open-pollinated rye cult i var 
~ lack Winter and the common wheat (Triticum aestivum) 
* varieties Little Club and W2691 was found useful for 
t~e preliminary discrimination of secalis from tritici 
· and hybrid cultures. 
The main set comprised eight mono-resgenic lines 
each representing an identified Secale resgene. Their 
reactions to six cultures of P • . graminis used in the 
i nheritance study are given in Table 28. 
Rust Cultures 
Both field (F) and laboratory (L) cultures of 
very diverse origin were examined. Field collections 
we re received from regional collaborators in conjunction 
· ~ th the 1970-73 Australian Rust Surveys. Laboratory 
s t rains originated from. glasshouse experiments for which 
literature references are cited wherever available, others 
were isolated as variants or mutants in the . glasshouse. 
The origin of twelve representative cultures are 
detailed in Table 29. 
* A line bred for susceptibility to P.g.secalis 
(Watson & Luig, 1963). 
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Table 28 
Reaction of eight mono-resgenic rye lines to six cultures of ~.graminis at 20-28°C. 
Pedigree of Line Sr Culture 
126-6~7 21-0 M9a 57241 H34 
-
12x6#4-RU.14-4 A 3+ ; . . ; , , 
12x6#4-U.8-ll B ;12- ;12- ;12- 3+ 3+ 
28x6#9-U.93-5 X+3 = = = = c ;2 ;2 ;2 ;2 
28x6#9-R33-5 D X+3 3 3+ 2+ 3+ 
BC.Sx202#U.14-3 
+ 
G ;1 ;1 ;12- 3 ;1 
6x5#4-W.14-6 .c = 2= 3+ 3+ H , 2 
6x17#1-U.24-2 I ; nn -; 3:=n ; n ;3=n 3+ 3+ 
6x17#1-U.23-l J ;1 ;1 2::- 3+ 3+ 
67401 
. 
~ 
3+ 
3 +· 
+ 3. 
;1 
3+ 
3+ 
3+ 
00 
'-! 
Table 29 
Origin of twelve dissimilar cultures of P.g.secalis and hybrids between P.g.tritici and secalis. 
Culture 
M9a 
H42 
71406 
70112 
73080 
71108 
71327 
71523 
71008 
72594 
73079 
69208-3 
* 
Type 
lli 
Ui 
FH 
FH 
FH 
LH 
FS 
FS 
FS 
FS 
FS 
LS 
L = Laboratory 
* Origin/Original Host and Reference Location Collected 
NR-2(tritici)x57241 (secalis) -Watson & Luig (1959). 
lll-E-2(tritici)xH34(secalis) - Sanghi & Luig (1971). 
volunteer barley 
Agropyron scabrurn Beauv. 
A. scabrum 
34-2,3,4,5,6 Yellow (tritici) x 70112 (hybrid) 
A. scabrum 
volunteer barley 
A. scabrum 
S. cereale 
A; scabrum 
An isolate from bulked inoculum of barberry rust. 
F = Field H = Hybrid S = P.g.secalis 
Cecil Plains, Q'ld. 
Melrose, Q'ld. 
Purrawunda, Q'ld. 
Holbrook, N.S.W. 
Wagga, N.S.W. 
Jondaryon, Q'ld. 
Cootamundra, N.S.W. 
Millthorpe, N.S.W. 
00 
00 
By the procedure described above ihe cultures were 
tentatively cla~sified as P.g.secalis (S) or as probable 
hybrids between P.g.secalis and tritici (H). 
The purity of some cultures was determined from 
~heir infection types on the critical wheat variety(-ies), 
but where such hosts were not available purity was usually 
evidenced by the homogeneity of infection .type(s) within 
each of the eight rye lines. 
METHODS 
Sewings consisted of 5-15 seeds per line and 
3-4 lines to a 4-inch pot. Week-old seedlings were 
inoculated according to the procedure described earlier; 
the reaction subsequently produced ·on the first leaf was 
assessed according to the scale of Stakman et al. 
(loc.cit.)~ 
RESULTS AND DISCUSSION 
The reactions of host lines to twelve dissimilar 
cultures of P.g.secalis and P.g.tritici x secalis hybrids 
are shown in Table 30. 
Secalis cultures were classified as such by their 
virulence on Black Winter rye ~ avirulence on the 
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wheat lines Little Club and W2691. This rye cultivar 
segregated for ~esistance (IT 0; to 2) with an occasional 
susceptible (IT 3+) seedling where tests involved larger 
numbers. The hybrids however attack W2691 (IT 3+ to 4) 
dnd give IT 2- to 3+ on Little Club. 
Owing to its heterogeneity Black Winter like other 
open-pollinated stocks of Secale is not entirely 
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satisfactory as a preliminary host index for discriminating 
secalis from hybrid and tritici cultures. A projected 
* replacement is a self-fertile inbred cultivar Dakold ; 
this cultivar is fully susceptible (IT 4) to P.g.secalis 
but is immune (IT 0) to P.g.tritici and moderately 
resist&nt (IT 2=) to hybrid cultures. Pr~liminary 
genetic studies suggest that Dakold's resistance to 
M9a is oligogenic but the_ genetic basis for its immunity 
to 21-0 is extremely complex. 
On the rye differentials the salient difference 
between secalis and hybrid cultures appears to be the 
ability of P.g.secalis to attack those hosts carrying Sr B, 
Sr H, Sr I and Sr J - notwithstanding the observation 
that the Sr H : culture 71523 interaction produced IT 22+. 
* Kindly made avail able by Prof. H.C. Kuckuck of Hannover, 
West Germany. There are at least two North American 
cultivars having this name, but it is not known whether 
or not these have been derived from the same source. 
Table 30 
Infection type produced at 15-22°C . by twelve dissimilar cultures of P. g. secalis 
or P. g. tritici x secalis hybri~on eight rye lines possessing single resgenes . 
No.1 2 3 4 5 6 7 8 Black Little Culture Type W2691 
Sr A B c D G H I J Winter Club 
;12= - 3+ = z= · 3=n - - 3+ M9a LH ; ;2 ;12 , 2 seg. 2 
H42 LH 2-2 2= 3 - 12- ·lc 3+ 3+ 33+ 4 . seg . , , 
* n 2= 2=2= ;3=n 2+ 3+ 71406(3) FH ; 3 3 ; 12- seg. 
70112(1) FH ; n 3+ 2 = + = 2 3 nn 3 2 , 2- seg. 2+ 3+4 
n ;12- - + - nn ;12- 2+ 33+ 73080 FH ; 3 3 3 2 3 . seg. , 
3+ = 33+ 2+ ·3=n 2- 3+ 71108 LH ; 2 3 , seg . 3 
71327 (2) 3+ ; 2- 22+ 12- + =c X2+ FS . 3 3 3 2+-3 ;I , 
n 3+ 4 ;2- 2+ 22+ + - 2!-3+ ;(c 71523 FS ; 2 3 2 3 X2 
3+ 4 = 2+ - + 3+ = x+2t 71008(2) FS . ;2 3 33 . 3 3 0; 1 , 
3+ = 3+ 3+ 3+ 3+4 3+ = + + 72594(4) FS ; 2 1 ;12 X 2-t· 
73079(1) n 3+ 2 = 3+ + 3+ 3+ 2+3- . ·1 2= X+2+ FS . ; 1 3 , , 
3+ 3+ 3+ 3+ 3+ 3+ + =c = 69208-3(1) LS ; ;l 3 ;1 ;1 
Strain 
Desi t n. 
H-4 
H-4, 7,8 
H-3,4 
H-2,5 
H-2,4,5,6 
H-2,4,5 
S-2,6,7,8 
S-2 7 · , . 
S-2,5,6,7,8 
S-2,4,6,7,8 
S-2, 4,6 ,7 
S-2,3,4, 6 , 7,8 
.. 
--
. . -=~-==-~-=====..::-:-..;::.:::;_-= 
* Number of similar cultures recovered . 
\0 
....... 
With the exception of H42, the hybrids are avirulent 
on seedlings with these Secale resgenes. The exceptional 
culture, H42, which originat~d as a sexual hybrid from a 
cr os s between H34 and 111-E-2, not surprisingly exhibited 
the pathogenicity of both formae speciales which they 
represent. 
It is apparent that Sr C and Sr G are capable of 
differentiating secalis as well as hybrid cultures; 
similarly, two groups of secalis cultures were distinguish~ 
able by their differential behaviour on seedlings with 
+ + = + Sr D, viz., IT 2 to 2 3 versus IT 3 . By contrast, Sr A, 
IS 
which~ineffective only against 126-6,7 (P.g.tritici), 
appears to have no value in strain differentiation 
insofar as these cultures are concerned. 
It is interesting to note that Sr B, Sr H and Sr J 
are very similar in behaviour to the six cultures used 
in the genetic study of Secale resistance (Part A), 
and on this basis they would be considered the same. 
However the differential reactions conditioned by cultures 
H42, 70112, 71108, 71523 and 73080 suggest that these 
genes are not identical - although the observed results 
are explicable by invoking the presence of unknown gene(s) 
in the background. 
The hybrid cultures differ from P.g~secalis insofar 
as they possess several . genes for avirulence, which must 
have been derived from their respective tritici parents. 
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. 
At t he same time, however, both the secalis and the hybrid 
rusts have a number of genes in common. Such genes are 
those corresponding to Sr A, Sr C and Sr G in the host, 
as suming the validity of Flor's (1956) 'gene-for~gene' 
con~ept as applied to this particular host-parasite 
system. The results reported herein may be broadly 
interpreted to support the suggestion made by Watson & 
Luig (196 8a) that P.g.tritici and P.g ~ secalis differ only 
in the number of genes for virulence which they carry 
and express. 
On the assumption that the genes for virulence in 
the f ungus are recessive, a low, or the lower r esistant, 
infection type may be conditioned by a host-pathogen 
inter action involving a strain which is hom?zygous for a 
. gene for avirulence and a host which is homozygous for 
the corresponding resgene (cf. Loegering, 19~3). 
Inte rmediate infection types such as those observed in 
interactions ("aegricorpus") H42 : Sr B, 71406 : Sr G, 
71406 : Sr H and others, could be accounted for by 
as suming that in each case the pathogen is heterozygous 
for the r e levant gene for avirulence (cf. Samborski, 1963 ; . 
Nats on & Luig , 1968b). A host which is heterozygous for 
an incomple tely dominant r esgene, conceivably, w?uld also 
manifest an intermediate infection type, regardless of 
whether the pa thogen is heterozygous or homozygous for 
the corresponding avirulence gene. Since the eight 
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host lines were homozygous for the respective resgenes 
the latt er model 6bviously does not apply. 
The immediate results of this study show that in 
contrast to the procedure of Cotter & Levine (loc.~it.) 
we now have available lines which can give readily 
r epeatable results . Moreover the number of seedlings 
needed for inoculation within each line is relatively 
small (5-15) in comparison with the much larger numbers 
needed previously. Also, the question of line maintenance 
(s eed propagation) presents no problem since these rye 
lines are self-compatibl e and purity can be maintained 
by baggi ng . For production of larger amounts of seed, 
however, propagation in isolation is desirable~ 
Since physiologic specialization has now been 
demonstrated it becomes pertinent to consider some 
scheme of strain nomenclature for P.g.secalis. In this 
r egard the Solanum - Phythophthora system (Gallegly, 1968) 
is favoured herein. Host genes Sr A, Sr B, ..... , Sr J 
are accordingly numbered 1, 2, ..... , 8. A 'race' or 
'strain' is designated according to which host . gene(s) it 
attacks. Hence strain-0 and strain-1,2,3,4,5,6,7,8 are 
respectively avirulent and virulent on seedlings with 
all the eight Secale genes singly or in any combination. 
Likc~·.-ise the twelve dissimilar secalis and hybrid cultures 
would accordingly be designated as shown in Table 30. 
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The availability of rye differentials implies that 
it is now practic~l to undertake ecological studies of 
the local rye stem rust population. From such studies 
it is sometimes possible to project shifts in pathogen 
virulence (cf. Watson, 1970b) which in turn would 
assist rye and perhaps even wheat breeders to employ more 
intelligently the available genes for specific resistance 
in their breeding programmes. In such breeding work, 
however, it cannot be assumed that the genes from 
Secale will necessarily remain effective for longer 
periods than those from wheat, when the total number of 
virulence genes in P. graminis is considered. 
Commercial rye varieties are resistant to 
P. g .tritici, and mutants of it which render ineffective 
individual resgenes present in a heterogeneous rye crop 
a re unlikely to increase in the stem rust population. It 
can therefore be assumed that strains of this forma 
specialis which have evolved from a common parent, and 
which are differentiated on wheat stocks with single 
genes for resistance, will be expected to interact with 
single resgenes from Secale in a manner similar to that 
of the parental strain. Unrelated strains, of different 
evolutionary origins, on the other hand, would not be 
expected necessarily to show similar interactions on 
lines with these Secale resgenes; for instance, 126-6,7 
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and 21-0 have been shown in Part A to differ in behaviour 
on rye seedlings ~ossessing singly Sr A, Sr C and Sr K. 
It was further shown that strains which are believed to 
havd di fferent geographical origins, and whose unus ual 
pathogenicities have been demonstrated on certain wheat 
stocks, in fact exhibit different behaviour on several 
mono-resgenic rye lines, whereas strains which are 
closely r elated (e.g., 21-0, 21-2, 21-5, etc.) are similar 
i n behavi our on these rye differentials (Luig, pers. 
comm., 1973). This suggests that resgenes from Secale 
can be utilized to study the evolutionary pattern(s) in 
t he wheat stem rust organism. 
Experiments on inbreeding of P.g.secalis and 
somatic hybridization involving P.g . secalis and tritici 
have been performed by several workers (Bridgman & 
Wilcoxson 1959; Watson & Luig, 1959, 1962). In such 
experiments, however, it was difficult to document the 
inheritance of pathogenicity for lack of suitable host 
differentials. In relation to this particular aspect of 
the pathogen the potential efficacy of mono-resgenic 
r ye line s is perhaps best illustrated by consideri~g the 
behaviour of hybrid culture M9a and its parental secalis 
culture, 57241. From the data presented in Table 30 
it could be surmised that M9a inherited at least three 
genes for avirulence corresponding (-7) to host _ genes 
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Sr H, Sr I and Sr J plus a gene for virulerice ( + Sr D) 
from its tritici ~arent, viz., culture NR-2 yellow: 
Similarly, H42 purportedly derived at least two genes 
for avirulence ( + Sr B and Sr G) from its tritici 
par~nt, culture 111-E-2. 
CONCLUSIONS 
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Eight mono-resgenic Secale lines derived in the 
inheritance study (Part A) facibOCated an unequivocal 
demonstration of physiologic specialization in P.g.secalis 
and inherent variation in pathogenicity between 
P.g.tritici x secalis hybrids. The immediate implication 
is that these stock~ provide a formal and reliable means 
of strain identification for such rusts. Considering 
the fact that the genes involved were derived from only 
four resistant parental lines it is reasonable to assume 
that strain nomenclature can further be refined when many 
more Secale resgenes become available in self-compatible 
stocks. Such Secale lines also have potential applications 
in ecological studies of the local rye stem rust flora 
and in inheritance studies of pathogenicity in the stern 
rust fungus. 
PART C 
Breeding towards Universal Susceptibility to 
Puaainia graminis Pers. in SeaaZe. 
INTRODUCTION 
In the course of exami~ing suitable parental 
material for initiating a genetic study, a collectio~ 
of Secale vavilovii Grossh. (Plate 12) obtained from 
Professor H.C. Kuckuck of Hannover, West Germany, was 
found to be susceptible to several formae speciales of 
Puccinia graminis. Since this species is also known to 
be self-compatible, it was thought that such a susceptible 
genotype would provide an ideal . genetic background into 
which single resgenes isolated from cereal rye eventual~y 
could be transferred. 
Two problems were however evident. Firstly, 
S. vavilovii and S. cereale are not fully inter -fertile 
and,secondly, S. vavilovii is difficult to propagate under 
Australian conditions. It has a weedy architecture, 
is late-maturing and its ears shatter readily. 
Hence the aim was to combine in a self-compatible 
genotype the above mentioned susceptibility of ~· vavilovii 
and the superior agronomic features of S. cereale. At 
' -
the outset three main factors appeared to influence the 
success or otherwise of this undertaking:-
(!) the crossability of the two species, 
(2) the fertility of the F1 hybrid, and 
(3) the extent of genetic recombination in the 
hybrid. 
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The literature is surveyed in r elation to t hese 
conditions. 
LITERATURE REVIEW 
Acco rding to Jain (1960) and Khush & Stebbins (1961), 
S. vavilovii is a cleistogamous, weedy psammophytic 
annual which is isolated from its cultivated relative, 
~- cereale , by a sterility barrier resulting from 
chromosome interchanges. 
Interspecific hybridization within the genus Secale 
has been extensively reviewed by Jain (1960), but only 
hybridization between S. vavilovii and cereale need to 
be considered here. 
Kostoff (1937) and Nagaj ima (1955) (both cited 
by Jain) observed that the F1 hybrid of S. cereale x 
S. vavilovii . was fertile and showed regular meiotic 
behaviour . Jain however pointed out that some of the 
materials considered to be S. vavilovii by these workers 
could have been in fact Transcaucasian rye (S. cereale 
ssp. segetale). Stutz (1972) also reported that the F, ' s 
~ 
of crosses involving two collections of S. vavilovii 
exhib ited normal chromosome behaviour at Metaphase I of 
meiosis. But, in view of the claim made by Khush (1963) 
that S. vavilovii is endemic to two locations in Iran 
(see also Kuckuck, 1973), Stutz's material of ..... , 0 l.i'l .l s 
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species, which originated from Turkey and Russia, may_ be 
different from ihat described by Khush . 
By contrast, Jain (1960) reported ~he occur~ence 
o{ four bivalents and a chain of six chromosomes ~~ 
f.letaphase I of meiosis - an ob:ervation that was 
subsequently confirmed by Khush & Stebbins (1961). The 
latter observations suggest that S. cereale is 
differentiated from S. vavilovii by at least two 
translocations. 
Despite meiotic irregularity, the poll~n of the 
S. cereale x vavilovii F1 hybrid appears to be 
reasonably high : comparable figures of 16 . 9% and 19.1 % 
were reported by Jain and by Khush & Stebbin~ (both, 
loc. cit.) , respectively. The· latter workers recorded 
a 30 % seed-set and a 100% germination for the F1 seeds, 
all of which reached the reproductive stage. It was 
also noted that hybridization was relatively more 
successful if cereale was used as the female parent . 
Whilst the literature indicates reasonable 
fertility between the two rye species there is no 
unequivocal evidence for genetic recombination in the 
interspecific hybrid . In this connection the obs .. :rved 
new combinations in morphological characters in the 
advanced _ generations (Kuckuck & Peters, 1967) could be 
attributed to a reassortment of cereale and vavilovii 
chromosome s ~bloc without crossi~g-over. But i~sofar 
1 ' ' 
"" 
as the ~. · cereale x S. montanum hybrid is concerned, 
Stutz (1957) obs~rved that . gene(s) independent of t~e 
tr anslocation complex segregated in a Mendelian fashion 
whilst crossing-over within the differential seg~ent oi 
t he translocation figure was thought to occuT. Such a 
recombinational event presumably is not confined to 
the cereale x montanum combination. Since S. vavilovii 
is closer to S. montanum Guss. than any other rye 
S?ecies (Khush, 1962) similar events may be inferred to 
occur in the cereale x vavilovii hybrid . 
.MATERIALS 
Secal e vavilovii - The particular collection of this 
species used in this study has already been described 
~n regard to origin, habitat and botanical characteristics 
by Khush (1963). Genetic, breeding and evolutionary 
studies on the same collection have been mentioned by 
Kuckuck (1973). 
Secale cereale - Two self-compatible inbred lines 
wtich were susceptible to P.g.tritici and secalis,viz., 
(l) Wrens-6 (T-9454) and 
(2) Gator-French-20 (T-9775), 
we re selected from a collection of some sixty inbred 
stocks . Gator-French-20, like S . vavilovii, is also 
susceptible to rye leaf rust. Its early maturity, short 
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straw and strong peduncle make it a~ agronomically 
acceptable parent. 
Table 31 summarises both the pertinent agrono~l c 
attributes as well as the see dling infection types of 
p~~ental lines to seven diverse cultures of stem rust. 
Rt!s t Cul t ures 
In this study the following cultures of Pucci rr i a 
gr~m1n1s were us ed ·-
( i ~ 
1.-) f. s p . t:-:>-:. ici Strain 21-0 (culture 54129), 
( ? '. f. sp. secal is (culture H3 4), w j 
---
(3) f. sp. avenae Erikss. & Hcnn. (culture 69015)', 
( L~.) f.sp. lolii Guy. & Mass. (culture 69013), 
( 5) f.sp. dactl_lidj.s Guy. & Mass. (culture 69177) , 
(6 ) cu l t ure 69968, and 
(7 ) culture 69243. 
Culture 69968 was isolated from Phalaris and appears 
t o b.e specific for plants of that genus, whilst culture 
69 243 was isolated from Deyeux i a and has some characters 
i:.1 common with culture 69968. 
Lui g & Watson (1972) have discussed the origi~ 
and significance of the above cultures (4) to (7). 
METHODS 
Seedling and Adult Plant Tests 
Tests for s eedling reaction to stem rust were as 
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Tab le 3l 
Sor:-.~ a~ronomic characteristics of parents and their seedling 
inf~ction types to seven very diverse cultures of 
Pu:: ·.::~:.i1ia gr aminis . 
Ch::..::acter S. vavilovii 
Approx. ht.(cm.) 30-40 
No. ~il lers l ZC- 150 
* Wec~s t o anthesis 28 
Es t . % seed-set >80 
Ear shattering 
Stem rust from: 
Tri·ci cun 3+ 
Sec 2.::. c 3 + 
Ave-:;. a 3+ 
- - -
Loliu;;, 3+ 
Dactyl i s 3c 
Ph;:;.i. aris 3+ 
Deycuxia 3+ 
* 
S. cereale 
Gator-French-20 
75-90 
5-15 
17 
>SO 
non-shattering 
3+ 
3 + 
;;;; + 
0;,;, X -X2 
0,0 ;,; 
o~; z-
· x= - x2+ , , 
; , x- -x2 
Wrcns -6 
110-140 
5-15 
16 
>70 
non- shattering 
3 ... 
3+ 
;;;; + 
0;, X - X2 
0,0; 
0,0;,;2-
xz+ 
x=z=-xz 
IJ ata from field observation rO\<JS, 1970. 
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de~cribed in Part A of the thesis. 
The adult ieaction of certain hybrid plants was 
d0~crmined after hand inoculation of individual ti l:ers 
w~th different rust cultures. 
Crosses and Selection Procedure 
In late 1970 cereal rye Wrens-6 and Gator-French-20 
were used as female parent s in crosses with S . vavilovii. 
S2e~-set was about 10 %. Reciprocal crosses yielded 3 
s::.-:tivelled grains from some 40 pollinated florets, bu·c 
tiese grains failed to germinate . 
Certai~ F2 plants fr om the above interspecific 
crosses were intercrossed (expediently referred to 
herein -as "sibcrosses") in late 1971. 
All crossing was carried out in a glasshouse and 
t~e F1 plants were raised under the s a~e conditions or 
in an environmentally-controlled growth cabinet. 
Res istant F2 plants and selected F2 plants of'~ibcrosse~' 
were transplanted in the field in 1971 and 1972, 
r espectively. Only plants with at l east SO % seed-set 
uyon selfing were harvested . 
In most cases following tests of segregating 
po~ulat ions susceptible seedlings having broad firs~ 
. . 
leaves were the only ones retained. These plants we r e 
l~ter selected for self-fertility and for a type of 
plant architecture resembling that of ~· cereale, and 
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where pos s ible, for types with non-shattering ears. 
Pc l ~ e n Fertility 
The pollen fertility of parents and i~~erspecific 
hy~rids was evaluated by scoring the pollen grains 
micros copically (x 100 magnification). The proportion 
oi those having starch and stainable wi th iodine - and 
p~2sumably functiona l - was taken as an index of 
pcilen _fertility . 
f.'k iot ic Studies 
Young spikes harvested late in the morning were 
f~xed in Carney's solution for at least 24 hours and 
s ~ ore d in 70% ethanol. Chromosome configurations at 
Metaphase I in microsporocytes were examined by the 
a~ther squash technique using aceta - orce i n stain 
(Jarlington & LaCour, 1940) . 
RESULTS 
Fertility of Interspecific F, Hybrids 
~ 
Seed-set on F1 pl ants of crosses between 
S. cereale and vavilovii (Table 32) ranged from as iow 
as 0.4% for plant 1 of cross 6 x V to as high as 
35 . 6% for plant 8 of cross 20 x V. The identity of the 
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Table 32 
F c :.·;:::.. ~i ty of parents and F1 plants of crosses bet.-:cen lines 
G::: ;:ol·- French- 20 and Nrens-6 of S. cereale and ~- vavilovii (V) . 
Cross or F1 Pl ant % Stained No . Total No . 9o Seed-Set Pu::ent No . Pollen Seeds Florets 
20 X V 1 16.0 37 886 4 . 4 
20 X V 2 14.8 35 660 5.0 
20 X V 3 5 .1 9 560 1. 6 
20 X V 4 7.7 2 384 0.5 
20 X V 5 - , - 326 3.3 ..l ..i. 
20 X V 6 35 . 0 56 608 9.2 
20 X V 7 - 56 836 7.2 
20 X V 8 - 235 660 35 . 6 
6 X V 1 1.5 1 256 0 . 4 
6 X V 3 0 . 5 3 300 1.0 
6 X V 5 - 25 360 6.9 
6 X V 7 - 3 92 3.3 
6 X V 9 17.0 56 768 7. 3 
G<:. t or-French-20 90.6 >80 
W:rens-6 91.2 70-80 
S. vavilovii 87 . 4 >80 
l a~~er exceptionally fertile plant was not questio~~d 
bccuuse it resembled closely other F1 individuals o~ 
the same cross. Moreover the fertility of this pl~~t 
exceeded the mo~e favourable levels of seed-set recorded 
on other interspecific F1 hybrids involving cerealc 
inbreds , not reported in this study. For example, the 
seed-set of F1 's from crosses involvi?g Wrens-5 and 
Da~old averaged only be tween 15 to 20%. 
The percentage of iodine-stained po llen gra ins 
from a numbe r of F1 plants (see Plate 13) sugges t ed 
tha t this character might be correlated with perce~tagc 
se~d-set. However the number of plants examined were 
insufficient for a reli able estimate of the intra- and 
inte rcross correlation coefficients. 
Cy tological examination of meiosis in plant 1 
of both interspecific cross es substantiated Khush & 
Stebbins' (1961) finding that the predominant Metaphase I 
chromosome configuration consisted of four bival ents 
and , in this case, a hexavalent chain (Plate 14). 
T~e plant with an exceptionally hi gh percentage seed-s e t 
was not studied. 
F ~ Studies 
!.. 
F2 seedlings from four 20 x V and 6 x V families 
were tested with P.g.avenae or P.g.dacty lidis. 
Germination was 100% (a total of 112 seeds) e xcept i~ 
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one family (family 7 of 20 x V) where only 43 seeds 
germinated from 56 sown. Seed dormancy was probably 
t h0 r eason for the poor germination as ear s of this 
particular plant had been harves ted prematurely. 
Seven and five F2 seedlings were found to exhibit 
h~gh infection t ypes (IT X+ and 3+) to P. g . avenae 
and P.g .dac tylidis, respectively. These were raised in 
a glass house whilst the resistant seedli~gs were 
transplanted in the f ield in 1971. 
Of the above twelve susceptible F2 plants, five 
were found to be sterile, the other seven exhibited 
varying degrees of self-fertility. Individuals of ~he 
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Lltter group of plants - which were subsequently 11 Sibcr ossed'' 
t o complement and improve their agronomic qualities and 
~ t~eir r ange of susceptibility - were inoculated to 
i dentify the culture(s) to which each individual was 
susceptibl e . Se lf- fertility, earliness and ear-
shattering were subsequently evaluated at or after harvest . 
The results of rust tests made on individua l tillers 
t oJether with the agronomic assessment of each plant are 
shown in Table 33. 
The segregation behav : ~ur of the _ genes controlli~g 
H&iry Neck and fragile rachis (ear-shattering) wer e 
s -.::--.:died in 90 individuals comprising four 20 x V 
fahlilies (Table 34). The re lative frequenci es of 
i ndividuals possessing the contrasti~g characters 
~m.w~¥!49. » . "' 
Tab l e 33 Some agronomic f eatm·es and stem r eacti ons to seven diverse cultures of 
Pt~c::_c-::.:~~:.~~ p:_<!T:l~:_!1is of seven r: 2 plants usC'd in " s i bcrosses" . 
Pl. 
1 
2 
3 
4 
5 
6 
7 
* 
Pedi gree 
Design . 
20xV#l-1 
20xV#l -5 
20xV#6-1 
20xV#6-3 
20xV#6-4 
20xV#7-2 
6xV#3-l 
Ear 
sh. 
sh . 
non-sh. 
non-sh. 
non-sh. 
non- sh . 
non-sh. 
* Maturity 
v.early 
early 
in term. 
early 
interm . 
i n t er m. 
earl y 
% 
Seed- set 
> 80 
:::: so 
> 70 
:::: 50 
> 70 
> 70 
:::: so 
- -·· - -----··-
- ·- · .. --·---- -" ... 
Behaviour to stem r ust from: 
Trit . Sec. Av. LoZ. Dact. PhaZ. Dey . 
s s s R R s s · 
s s R R s R s 
s s s R - s R 
s s R s s s R 
s s s s R R R 
s s s s 
-
R R 
s s - - s 
·- ........ - ·-
--
·---....... -........ --.. -
Earliness re l ative t o the maturity of ~· vavi lovi~- plants raised i n gl asshouse conditions 
during the 1971- 72 summer. 
Not availab l e . 
... . 
0 
1.0 
Table 34 
F:-equency of F2 plants exhibiting (1) Hairy Neck, (2) ear-
sl:n:ttering and (3) degree of self-fertility, in four families 
of interspecific cross S. cereal e Gator-French-20 x ~· vavilovii . 
Family (1) Peduncle (2) Ear (3) % Seed-Set 
Hairy Glabrous Shatter. Non-Sh. >SO 20- 50 5-20 Sterile 
l 15 14 13 6 8 7 3 1 
2 11 4 10 5 7 2 2 4 
6 23 4 12 15 9 10 5 3 
7 17 2 16 3 7 7 3 2 
Tot a. l 66 24 51 29 31 26 13 10 
S. vavi lovii - gl abrous peduncle , fragile rachis (see Kuckuck & 
Peters, 1970) . 
S. cereal e Gator-French~20 pubescent peduncle, tough rachis. 
F1 - pubescent peduncle, f r agile rachis. 
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i~dicated that the dominant Hairy Neck gene segregated 
normally in each -family. This would s uggest t hat 
c~rcmosome SR in which t hi s gene is l ocated, is not 
i~volved in any of the two translocations known to 
differentiate the two sp ecies. In this connection 
Heemert & Sybenga (1972) have presented cytogenetic 
evidence which implicated chromosomes I, III and V, 
de s i gna t ed according to Sybenga & Wolters (1972). 
Three famili es showed monogenic s egregation for 
the fragile rachis character (total : 39 ear-shattering 
versus 14 non-shattering individuals, P(3 :l) = 0.8-0. 9). 
By contrast f ami ly 6 was _ grossly deficient for 
ear-shattering individuals (P( 3 :l) < 0.01). In 
int e rspec ific cros s es involving ~· ce r ea l e (tough 
rachis) , ~· montanum and S. anatolicum (both, fragile 
rachis), Oss ent (1930) found that fragile rachis was 
inherited as a single dominan~ gene , which the data 
presented here seem to sugges t. 
It was also apparent tha t hybrid individuals 
with reasonable degrees of self-fertility could be 
recovered at a relatively high frequency. Thus, as 
shown in Table 34, of the 90 F2 plants, 31 had seed-sets 
in excess of 50%. 
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Studies on F1 , F2 and F3 Individuals from "Sibcrosses" 
F1 seedlings derived from "sibcrosses" were t ested 
inJividually with oat or a . grass stem rust, different 
cultures being used on different plants, and irrespective 
of infection type or leaf size, each plant was raised in 
a glasshouse through the summer of 1971-72. At maturity 
each individual plant was assessed for self-fertility 
and tendensr to shatter. 
Certain F2 populations, particularly those derived 
from susceptible F1 seedlings, were inoculated as 
s ee dlings with combinations of two or three cultures of 
grass stem rust. Plants which gave high infection 
type(s) to one or more of such cultures were transplanted 
to the field in 1972 in a special F2 nursery where an 
attempt was made to isolate them from P.g.secalis. 
Although efforts to create in this nursery an 
artificial epiphytotic of P.g .avenae and other grass 
stem rusts were unsuccessful, it was found that all F2. 
individuals were heavily rusted by P.g.tritici, and in 
many cases, with P. recondita secalis as well. When 
severe infection by P.g.tritici became apparent, periodic 
c ' 0 l with fungicide was necessary. 
At maturity individual plants were assessed on-the-
spot for self-fertility and only those plants with 
seed-sets in excess of 50% were harvested for further 
studies. It is interesting to note that cereale-like 
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individuals were significantly earlier when compared with 
those having a plant architecture resembling that of 
S. vavilovii. These latter were mostly self-sterile. ·---
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Table 35 summarises the data for the various 
characters observed, and indicates which families were 
tested in the F2. generation, the number of susceptible 
plants transplanted, and the number that were subsequently 
harvested. Some ~gronomic features of the latter 
individuals and the reactions of their F3 progeny as 
seedlings to oat and. grass stem rusts, are further shown 
in Table 36. 
Thirty-one susceptible F3 plants with an acceptable 
leaf size and shape were selected and raised . in an 
environmentally-controlled growth chamber during 1973. 
The majority of these turned out to be completely or 
semi-sterile. There were, however, six relatively self-
fertile individuals, and these were used as pollen parents 
to test their crossability with S . cereale; the female 
parents were self-fertile plants of cereal rye that were 
then flowering. The results of these tests (Table 37) 
indicated that these interspecific derivatives cross 
readily with cereal rye, with seed-sets. generally in 
excess of 60%. These figures are in fact comparable with 
those for the cereal rye parents selfed. Only in two 
crosses were seed-set percentages of less than 50% recorded; 
Table 35 
Infection types of seedlings and certain agronomic characteristics of F1 plants of "sibcrosses", 
and the number of F2 plants transplanted and subsequently harvested. 
"Sibcross" F1 Seedling Test Leaf Ear ' 
No. F2 Plants Plant Culture IT Type* Seed-Set Transplanted Harvested 
1 X 3 1 69243 ; cer. sh . >80,cl. 5 0 
1 X 3 2 69177 3C cer. sh . >70 5 0 
,_ 
1 X 3 3 69968 X vav. sh. >70 
1 X 3 4 69013 . vav. sh. < 5 , 
1 X 5 1 69243 3+ vav . non-sh. >80 25 0 
1 X 6 1 69013 3 cer. non- sh. ~so 
1 X 6 2 69015 x+ cer. non-sh . >80,cl. 26 6 
1 X 6 3 69968 x- vav. non- sh. <10 
3 X 5 2 69013 1 cer . sh. ~40,cl. 1 0 
S X 5 3 69015 ln vav. non-sh. >80 
cont. 
...... 
...... 
~ 
p3 
Table 35 cont. 
4 X 2 2 69015 7 cer . non-sh . < 5 
4 X 2 3 69968 . cer. non-sh. < 5 7 
4 X 2 4 69013 3 cer. sh . >80.c1. 
7 X 3 1 69177 . cer • non-sh. <10 
• 
7 X 3 2 69015 . vav • non-sh . < 5 7 
* cer. = cereale- type : width intermedi ate to broad with flat surface ; 
vav. = vavilovii-type : narrow width, keel-shaped. 
cl. = cleistogamous •. 
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Table 36 
-
Some agronomic characteristics of harvested F 2 plants from "sibcrosses" and infection types of their progeny seedlings when te.sted with five 
diverse cultures of Puccinia graminis. 
F2 Plant % Stem rust from: 
"Sibeross" Family Pl. No. Areht. Ear Seed-Set 
Avena Loliwn DaatyUs Phalazais Deyeuxia 
7 X 3 1 1 cer. non-sh. > 80 . 3+ 2 
-
O· 3+ 1 , , •1+ , X,X+3 2 
7 X 3 ·1 2 non-sh. > 80,el. 3+ .. 0; ;1+ c 1 cer. 
- ; , 3 '3 
7 X 3 1 3 - non-sh. = so ; ,x= O· 0 . / 
' 
, 
7 X 3 1 4 non-sh. = so x= ,x•3 O· 0 ;1+ e - ;, 3 
' 
1 X 6 2 1 cer. non-sh. 70-SO,el. •1 en x= . x-,x x•,3• 
' 
, 
1 X 6 2 2 eer. non-sh. 70-80, cl. .1 en 3+ 2 
' J 
= X , x= x• 
' 
3+ 2 
. ,1en 3+c x= x• ; ,X - x-,x x• 1 X 6 2 3 cer. non-sh. 70-SO,cl. J J ' J J 
x= 3+e = 0; X,3e 3+ 1 1 X 6 2 4 cer. non-sh. = SO,el. , X 
1 X 6 2 ·S cer. non-sh. 20-30,cl. x= ,3c - - 3+c 
1 X 6 2 6 cer. non-sh. = SO,cl. x= 3c 
' 
; ,x- ; x- 3c 
• 
x• 3+ 
• 
4 x 8* 2 1 cer. non-sh. = 50 x• x•,3+ 2 x x• , 3
+c 2 3+ 2 
4 x s* + 3+c x• ,3 1 2 2 cer. non-sh . = so j ;,3 . J 
4 X 2 4 1 vav. . sh. = 50 X· x• , 3·· 0;, 3 3
+c 2 3+ 
sh. X x• 0; J 3 - + 2 x•,3+ 4 x2 4 2 vav. = 50 X ,3 
sh. ,c = · + - + 1 ·1· + 2 4 X 2 4 3 vav. = so X ,3 . X ,3 J J 3 
' • 
4 X 2 4 4 vav. sh. > 80,cl. x-,3 X+ ,3+ , 3+c 3+ 2 
x,x• 1+,3+c + 4 X 2 4 5 vav. sh. = so 
- -
; .X 
* Pedigree designation of parent 8 = 20xV#4-l. 
tc Number of plants, exhibiting such an infection type, raised as F3 plants in a controlled environment maintained at 60-70°C in a 14-hour day regime. 
.. _;. 
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Table 37 
Crossability with ~· cereale of si~ relatively self-fertile 
individuals from the interspecific cross s. cereale x vavilovii. 
Cross Female Pollen # Seeds # Florets 
116a 
% 
No(s). Pl. No. Parent Set Pollinated Seed-Set 
15 1 7x3#1-2-3 80 128 62.4 
22 2 7x3#1-2-3 74 100 74.0 
36 3 7x3#1-2-3 51 72 70.8 
28 5 7x3#1-2-3 27 40 67.5 
29 6 7x3#1-2-3 30 62 . 48.4 
av. 64.6 
4,5,7 1 lx6#2-2-l 144 220 65.5 
. 
1,2,3 4 1x6#2-2-l 134 162 82.7 
av. 74.1 
8, 10,11 1 1x6#2-2-3 127 208 61.1 
20 2 lx612-2·3 · 56 74 75.5 
-
av. 68.4 
12 1 lx6#2-2-4 44 62 64.7 
16,17 2 lx6#2-2-4 71 110 70.9 
41 3 lx6#2-2-4 51 70 72.9 
6 6 lx612-2-4 47 68 69 . 1 
-
av. 69.4 
cont. 
' 
ll6b 
Table 37 cont. 
13. 1 lx6#2-4-l 44 66 66.7 
14 2 lx6#2-4-l 33 48 68.8 
av. 67.8 
19,41 1 4x8#2-2-l 169 232 72.8 
23 2 4x8#2-2-l 88 122 72.2 
33 3 4x8#2-2-l 28 60 46.7 
26,42 - 46 5 4x8#2-2-l 310 432 71.7 
31 7 4x8#2-2-1 71 92 77.2 
av. 68.1 
6 S. vavi Zovii 4 46 8.7 
1 selfed 366 508 * 72 . 0 
* 2 selfed 458 556 82.4 
* 3 selfed 422 568 74.3 
* 4 selfed 281 430 65.3 
* 5 selfed 286 452 63.3 
* 6 selfed 314 464 67.7 
* 7 selfed 391 472 82.8 
* S. vaviZovii selfed 156 196 79.6 
* Percentages of seed-set for female parents selfed were estimated 
from 5-10 randomly chosen spikes . 
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such instances could have been a result of accidental damage 
to the stigma o~ ovary tissues during emasculation. The 
data, although not extensive, also contrast strongly with 
the significantly lower crossability of~· vavilovii (< 10%); 
comparable values have previously been recorded in similar 
interspecific crosses but these involved Gator-French·ZO, 
Wrens-6 and other inbred lines of S. cereale. 
The F1 seeds from crosses between cereal rye and the 
six interspecific derivatives showed excellent germination 
in tests involving 25·30 seeds per cross, and the resultant 
seedlings were viable. 
The: fertility and certain morphological (see also 
Plate 15) and agronomic features of the six interspecific 
derivatives, as well as the seedli~g reactions of their 
progeny to seven very diverse cultures of stem rust, are 
.... ___ 
summarised in Table 38. It seems that the attempt to 
reconstruct a single. genotype having the susceptibility of 
S . vavilovii was not fully realized since all six individuals 
were either resistant or immune to P.g.dactylidis. The 
several cycles of rigorous selection were successful, 
however, in reconstituting all the desired morphological, 
agronomic and seed attributes (see Plate 16) from cereal rye. 
The improvement in see~ character is significant because 
narrow hull which is characteristic of ~· vavilovii appears 
to be correlated with narrow leaf shape and prolific 
tilleri~g. 
¥ ... , •• • • ,.~~·~:-··-· · ~ 
.·;t~;T~~jt: · , 
•·. 
' ·' ., ~:!: ~ .... 
lU~ 
Table 38 
5omc morphological and agronomic ~o.:haractcristics of parents and six derivatives from an interspecific cross grown at 60-70°c in a ·14-hour day 
regime, and the seedling reactions of their progeny to seven diverse cultu1 cs of Puccinia graminis. 
Pl. 
No. 
1 
2 
3 
4 
s 
6• 
Pedigree 
7x3#1-2-3 
lx6##2-2-l 
• lx6#2-2-3 
* lx6#2-2-4 
lx6f2-4-l 
4x8#2-2-1 
Ht. at #I 
Maturity Fertile 
{em.) Tillers 
85-95 23 
90-100 19 
85-95 17 
90-100 19 
75-85 8 
95-100 24 
• Gator-French-20 90-100 13 
Secale vavilovii 50-60 46 
Weeks to 
An thesis 
14~ 
15~ 
12 
12~ 
12~ 
14 
12 
20 
Pollen 
Fert. 
79.5 
83.4 
87.1 
83.4 
69.9 
91.9 
90.3 
85.0 
% 
Seed-Sett 
61.3 
74.0 
62.0 
71.0 
68.0 
65.2 
86.6 
81.4 
TM.tiaum Seca'te . . _A~~ LoU.um 
3+ •l'. ~ .. 1. x• 3 
. . 
.·. 
3 3+ x•.3+ 
.. 
X 
3 3+ x•3,3+ 3+ 
3 3+ 3+ = X 
3 3+ x• 3+ .. ;l+n 
3 3+ x·3~3· 3+ 
3 3+ 
· .•. .. 
o,x . 0,0; 
3+ 3+ 3+ 
Peduncle : Hairy Neck. tEstimated from 7-10 randomly chosen spikes • • 
Each derivative has cleistogamous -florets and non-shattering ears . . . . 
. · .. _ .. ,. 
. . 
. . ;, 
• • 1 .• ; • • ~ .:-(;· .~ ': 
' ' . \ ... ' ' .. · . 
... -:-·- · "· ! · :. 
"":-
from: 
1+2= I 
r . 
L 
I 0; j . 
. 
. \ ,. 
.~;1· 
0 
0· 
I 
,
I. 
0 
x•3 
:·' 
i ·, ·. ,:.· 
I 
.. 
3+ 
x .. x•3 
.. + 
X 3 
·:,:.· 
X -
x• 3+ 
. . 
3+ 
c c 
. 
,X .. 
3+ 
' 
: 
',I·. 
.,.· •, 
:. . 
. .. . 
. . . 
. ,, :. •.:1 : -. .. 
x•3,3+ 
x•3 
x• 
x• 
3 
3+ 
;1 =en 
3+ 
DISCUSSION 
It is reasonable to assume that in selecting 
rigorously for agronomic worth, a genome essentially that 
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of S. cereale was recovered in each of the six interspecific 
individuals. The translocation(s) which were presumably 
responsible for the observed varying degrees of self-sterility 
in several hybrid generations must have been eliminated. 
Whilst the derived genotypes cross with cereal rye readiiy, 
this should_be followed up with cytological evidence for 
normal chromosome pairing at meiosis in the F1 , coupled 
with a high percentage of seed-setting, if their inter-
fertility with cereal rye is to be confirmed. 
Further work is necessary to derive an agronomically 
acceptable genotype that is susceptible to P.g.dactylidis. 
Backcrossing any of the six derivatives to S. vavilovii is 
not a suitable strategem to achieve this universal 
susceptibility because, not only will it result in a 
shattering of the consolidated cereale attributes, but also, 
the backcross progeny will probably show sterility with 
s. cereale due to the re-introduction of the translocations. 
F2 as well as F3 studies of crosses involving 
S. vavilovii and several Tifton inbred lines suggest . that 
resistance in S. cereale to P.g.dactylidis (culture 69177) 
is complex but nevertheless genetically determined. 
Consequently, the prospect of incorporating susceptibility 
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to this particular grass stem rust, in addition to the 
other formae speciales, would depend on identifying an 
(improbable) genotype or line of cereal rye to which it is 
susceptiblet or one in which the resgenes involved are few 
as well as different from those in the interspecific 
derivatives, so that they could be "bred out" in segregating 
populations of manageable size. 
The susceptibility of S. vavilovii to so many formae 
speciales of P. graminis is very unusual. Most of the rye 
* collections available to me, which included S. montanum 
Guss., S. africanum Staf., S. anatolicum Boiss. and 
S. silvestre Host., were, in the main, resistant to wheat 
and oat stem rusts as well as to those specialized on grasses. 
It is not unreasonable to conjecture that the particular 
collection of S. vavilovii used in this study had evolyed in 
an ecologic~l niche where little or no selection pressure 
had been imposed by the stem rust organism. According to 
Kuckuck & Peters (1967), this species represents "an 
inactive branch of the phyl~genetic development of Secale" 
its lack of intra-specific_ genetic v~riation and isolation 
from other rye species appears to be a direct consequence 
of its cleistogamous habit • 
• Several of these were kindly made available by 
Professor H.C. Stutz of Brigham Young University, Provo, 
Utah, u.s~A. · · · 
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The wide susceptibility of S. vavilovii introduces 
a new factor for discussion in relation to the phylogenetic 
development of the _ genus Secale. Stutz (1972), for 
example, considers S. vavilovii to have originated from 
S. silvestre by sympatric speciation involving fixation of 
a newly arisen translocation, whilst Riley (1955), Khush 
& Stebbins (1961), and others, favourS. montanum as the 
putative progenitor of~· vavilovii. Stutz's thesis would 
be favoured if line(s) or population(s) of S. silvestre 
with susceptibility comparable with that of S. vavilovii 
do in fact exist, although it is noteworthy these two 
species are the only ones known in the genus to be 
naturally self-pollinating. 
Genotypes susceptible to many formae speciales of 
P. graminis probably also occur in primitive species _within 
. ----·· ·' 
genera related to Seeale. In this connection, Luig & Baker 
(1973) reported lines of Avena lu·doViciana Durieu. and 
A. fatua L. which are susceptible to several of the cultures 
of grass stem rust used in this study. 
It is envisaged that susceptible genotypes such as 
those derived in this project could be utilized as susceptible 
parents in conventional genetic studfes. Also, as common 
hosts for two or more formae speciales of P . . graminis, they 
are host materials useful for planning special studies of 
taxonomic relationships among the different formae speciales 
as well as studies of histologic, physiol~gic, biochemical 
122 
and genetic relationships between host and pathogen. 
Finally, the derivation of a Secale genotype that 
is universally susceptible to P. graminis raises the question 
of the validity of classifying obligatory parasitic fungi · 
into 'formae speciales' or 'varieties' (cf. Johnson, 1968). 
This system of classification has not been abandoned, 
despite the fact that many of these have a common host, 
because it is still valid insofar as it does not imply 
strict parasitic differentiation, but rather preferred 
adaptation to certain hosts (Eshed & Wahl, 1970). 
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Plate 13 Photomicrograph (x 390) of pollen grains of (L) Gator- French- 20, 
(M) Gator- French-20 x ~- vavilovii F1, and (R) ~· vavilovii, 
stained in IKI solution . 
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· Plate 14 
Photomicrograph (x 9000) showing the typical chromosome 
configuration- 4 II's and 1 VI h . - at Metaphase I 
c a1n 
of meiosis in microsporocytes of F1 plants of cross 
Gator-French-20 x S. vavilovii. 
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Plate 15 
5 
Comparison of adult plants of parents (1) Gator-French-20 and 
(5) S. vavilovii with (2 - 4) three of the susceptible self-fertile 
selections from the interspecific cross between them. 
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Plate 16 
Seeds (x 2~) of (top left) Gator-French- 20, (top right) 
Secale vavilovii, and (bottom left and right) two susceptible 
and self-ferti l e interspecific se lections . 
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(iv) 
Appendix ..!. 
The following stocks of Secale cereale carrying singly an 
identified Sr Gene are available on request to any interested person:-
Sydney Univ. 
Sr Source Pedigree 
Ace. Number 
R 65 A Kenya-12 12x6#4,...RU.l0-2 
R 66 B Kenya-12 12x6#4-U.8-l 
R 67 c Gator-28 28x6#9-U.93-5 
R 68 0 Gator-28 28x6#9-R.5-7 
R 69 G Wrens-5 6x5#1-G. l3-3 
R 70 H Wrens-5 6x5# 1-G. ·s-I 
R71 I Elbon-Gator-17 BC.l7x202 #U.33-5 
R72 J Elbon-Gator-17 BC.l7x202#U.2-7 
R 73 M Elbon-Gator-17 6xl7#1-G.4-l 
R 74 undesign. King II 6xK#6-Y.7-9 
R 75 undesign. King II 6xK#6-U.l0-12 
BIBLIOGRAPHY 
Acosta, A. (1961) 
The transfer of stem rust from rye to wheat. 
Ph.D. Thesis, Univ. of Missouri, 56 pp. 
Bartos, P. and Bares, I. (1971) 
Leaf and stem rust resistance of hexaploid wheat 
cultivars Salzmunder Bartweizen and Weique. 
Euphytica 20: 435-440. 
Bie1ig, L.M. and Driscoll, C.J. (1970) 
Substitution of rye chromosome SR for its three wheat 
homoeo1ogues. 
Genet. Res. 16: 317-323. 
Bridgmon, G.H. and Wilcoxson, R.D. (1959) 
New races from mixtures of uredospores of varieties 
of Puccinia graminis. · 
Phytopath. ~: 904-908. 
Cotter, R.U. and Levine, M.N. (1932) 
Physiologic specialization in Puccinia · graminis. 
J. Agric. Res. 45: 297-315. 
Darlington, C.D. and LaCour, L.F. (1940) 
The Handling of Chromosomes. 
Allen and Unwin (Lond. L pp. 43-49. 
(v) 
Dedio, W. , Kaltsikes, P.J. and tarter, E.N. (1969) 
The anthocyanins of Secale cereale. 
Phytochem. 8: 2351-2352. 
Eshed, N. and Wahl, I. (1970) 
Host ranges and interrelations of Erysiphe gramini s 
hordei, ~- graminis triti ci and ~- graminis avenae. 
Phytopath. 60: 628-634. 
Evans , L.E. and Jenkins, B.C. (1960) 
Individual Secale cereale chromosome additions to 
Triticum aestivum. 
Can. J. Genet. Cytol. 2: 205-215. 
Flor, H.H . (1956) 
The complementary genic systems in flax and flax rust. 
Adv. Genet. 8: 29-54. 
Gallegly, M.E. (1968) 
Genetics of pathogenicity of 'Phytophthora i nfestans. 
Ann. Rev. Phytopath. ~: 375-396~ 
Heneen, W.K. (1962) 
Chromosome morphology in inbred rye. 
Hereditas 48: 182- 200. 
Heemert, van C. and Sybenga, J. (1972) 
Identification of the three chromosomes involved in 
the translocations which structurally differentiate 
the genome of ~- cereale from those of ~· montanum 
Guss. and S~ vavilovii Grossh. 
Genetica 43: 387-393. 
(vi) 
Jain, S. K. (1960) 
Cytogenetics of rye (Secale spp.) 
Bibl. Genetica 19: 1-86. 
Johnson, T. (1968) 
Host specialization as a taxonomic criterion. 
~The Fungi, vol. III, eds. Ainsworth, G~c. and 
Sussman, A.S., Acad. Press (N.Y.), pp. 543-556. 
Khush, G.S. (1962) 
Cytogenetic and evolutionary studies in Secale. IV. 
Seca1e vavilovii and its biosystematic status. 
Z. Pflanzenzucht. SO: 34-42. 
Khush, G.S. (1963) 
Cytogenetic and evolutionary studies in Secale. III. 
Cytogenetics of weedy ryes and origin of cultivated rye. 
Econ. Bot. 17: 60-71. 
Khush, G.S. and Stebbins, G.L. (1961) 
Cytogenetic and evolutionary studies in Secale. I. 
Some new data on the ancestry of ~· cereale. 
Amer. J. Bot. 48: 723-730. 
Kuckuck, H. (1~73) 
Utilization of Iranian genetic material. 
Wheat Inform. Serv. 36: 21-26. 
Kuckuck, H. and Peters, R. (1967) 
Genetische Untersuchungen uber die Selbstfertilitat bei 
Seca1e vavilovii Grossh. und ·secale cereale L. var. Dakold 
im Hinblick auf Probleme der Zuchtung und Phylogenie. 
z. Pflanzenzucht. 57: 167-188. 
(vii) 
·- · - ~-- --- - - - - - - - - - -- - - - --- - - - - - - - - - - - - . - - - - -- - - -~--
Lee, Y.H., Larter., E.N. and Evans, L.E. (1969) 
Homoeo1ogous relationship of rye chromosome VI with 
two homoeo1ogous groups from wheat. 
c.n. J. Gtnt~. Cytol. 11= 803·80i. 
Levine, M.N. and Stakman, E.C. (1923) 
Biologic specialization of ·Puccinia ·graminis seca1is. 
Phytopath. _!l: 35. 
Loegering, W.Q. (1963) 
The relationship between host and pathogen in stem 
rust of wheat. 
Proc. Second Intern. Wheat Genet. Symp., Lund, Sweden, 
pp. 167-177. 
Lopez, A., Rajaram, s. and Bauer, De L. I. (1972) 
Characterization of stem rust in Triticale (Spanish). 
Phytopath. 62: 773. 
Luig, N.H. (1964) 
Heterogeneity in segr.egation data from wheat crosses. 
Nature 204: 260-261. 
Luig, N.H. (1968) 
Mechanisms of differential transmission o~ gametes in 
wheat. 
Proc. Third Inte~. Wheat Genet. Symp., Canberra, 
Australia, pp. 322·323. 
(viii) 
Luig~ N.H. and Baker, E. P. (1973) 
Variability in oat stem rust in eastern Australia. 
Proc. Linn. Soc . N.S.W. 98 : 53-61. 
Luig, N.H. and Watson, I.A. (1972) 
The role of wild and cultivated grasses in hybridization 
of varieties of Puccinia graminis. 
Aust. J. Biol. Sci. 25: 335-342. 
Lunqvist, A. (1956) 
Self-incompatibility in rye. I. 
Genetic control in the diploid. 
Hereditas 42: 293-348. 
Lunqvist, A. (1958) 
Self-incompatibility in rye. IV. 
Factors relating to self-seeding. 
Hereditas 44 : 193-256. 
Mains, E.B. (1926) 
Studies in rust resistance. 
J. Heredity!!= 313-325. 
Mcintosh, R.A. and Luig, N.H. (1973) 
Recombination b~tween genes for reaction to P •. graminis 
at or near the Sr 9 locus. 
Proc. Fourth Intern. Wheat Genet. Symp., 
Univ. of Missouri: in press. 
I . 
: ~, 
(ix) 
McKinley, A.H. {1969) 
The inheritance of resistance in wheat to stem rust 
of rye, Puccinia grarninis var. secalis (Erikss. & 
E. Henn.). 
M.Sc.Agr. Thesis, Univ. of Sydney, 70 pp. 
O'Mara, J.G. (1940) 
Cytogenetic studies in Triticale. I. 
A meth~d for determining the effects of individual 
Secale chromosomes on Triticum. 
Genetics 25: 401-408. 
0' Mara, J. G. (1951) 
Cytogenetic studies in Triticale. II. 
The kinds of intergeneric addition. 
Cytologia 16: 225-232. 
Ossent, H.P. (1930) 
Perrennierender Kulturroggen. 
Zuchter 2: 221-227. 
Person, C. (1967) 
Genetic aspects of parasitism. 
Can. J. Bot~ ·45: 1193-1204. 
Peterson, R.F., Campbell, A.B. and Hannah, A.E. (1948) 
A diagramatic scale for estimating rust density on 
leaves and stems of cereals. 
Can. J. Res. 26: 496-500. 
(x) 
Quinones, M.A., Larter, E.N. and Samborski, D.j. (1972) 
The inheritance of resistance to ·Puccinia recondita 
in hexaploid Triticale. 
Can. J. Genet. Cytol. 14: 495-505. 
Ramage, R.Y. (1970) 
Mapping chromosomes from the phenotypes of trisomies 
produced by interchange heterozygotes. 
Proc. Second Intern. Barley Genet. Symp., Pullman, 
U.S.A., pp. 89-93. 
Rees, H. (1955) 
Genotypic control of chromosome behaviour in rye. I. 
Inbred lines. 
Heredity~: 93-116. 
Riley, R. (1955) 
The cytogenetics of the differences between some 
Secale species. 
J. Agric. Sci. 46: 377-383. 
Riley, R. and Macer, R.C.F. (1966) 
The chromosomal distribution of the genetic resistance 
to wheat pathogens. 
Can. J. Genet. Cytol. 8: 640-653. 
Rowell, J.B. (1957) 
-- -
Oil inoculation of wheat with spores of ·Puccinia ·graminis 
var. tritici. 
Phytopath~ ~: 689-690. 
(xi) 
~·--- - - · - - - - - - - - - - - - - - - - -- -
Samborski, D.J. ·(1963) 
A mutation in Puccinia reeondita Rob. ex Desm. f. sp. 
tritici to virulence on Transfer, Chinese Spring x 
Aegilops umbellulata Zhuk. 
Can. J. Bot. 41: 475-479. 
Sanghi, A.K. and Luig, N.H. (1971) 
Resistance in wheat to formae speciales tritici and 
secalis of Puccinia graminis. 
Sanghi, A. K. and Luig, N.H. (1973) 
Resistance in three common wheat cultivars to 
Puccinia graminis. 
Unpublished. 
Satsrosumarjo, s. and Zeller, F.J. (1970) 
Chromosomensubstitution und Desynapsis in der 
Weizensorte Zorba (W565). 
Z. Pflanzenzucht. 63: 185-195. 
S~epherd, K.W. and Jennings, A.C. (1971) 
Genetic control of rye endosperm proteins. 
Experimentia 27: 98-99. 
Stak~, E.C., Levine, M.N. and Lo_egering, W.Q. (1962) 
Identification of_physiologic races of ·puccinia graminis · 
var. tri:tici. 
Minn. Agric. Expt. Sta. Sci. J. Serv. Paper No. 4691. 
- (xii) 
Stewart, D.M., Gilmore (Jr . ), E.C. and Ausemus, E.R. (1968) 
Resistance to Puccinia graminis derived from Secale 
cerea1e incorporated into Triticum aestivum. 
Phytopath. 58: 508-511. 
Stutz, H.C. (1957) 
A cytogenetic analysis of the hybrid Secale cereale 
L. x ~· montanum Guss. and its progeny. 
Genetics 42: 199-221. 
Stutz, H.C. (1972) 
On the origin of rye . 
Amer. J. Bot. 59: 59-70. 
Sybenga, J. and Wolters, A.H.G. (1972) 
(xiii) 
The classification of the chromosomes of rye (~. cereale :L.) 
a translocation stock. 
Genetica 43: 453-464. 
Waterhouse, W.L. (1957) 
Australian rust studies . XV. 
The occurrence in Australia of stem rust of rye, 
Puccinia graminis secalis E. & H. 
Proc. Linn. Soc. N.S.W. 82: 145-146. 
Watkins, R. and White, W.J. (1964) 
The inheritance of anthocyanins in rye (Secale 
ceteale L.) 
Can. J. Genet. Cytol . 6: 403·410. 
Watson, I.A. (l970a) 
The utilization of wild species in the breeding of 
cultivated crops resistant to plant pathogens. In 
Genetic Resources in Plants - Their Exploitation and 
Conservation, eds. Frankel, O.H. and Bennett, E., 
Blackwell (Lond.), pp. 441-457. 
Watson, I.A. (1970b) 
Changes in virulence and population shifts in plant 
pathogens. 
Ann. Rev. Phytopath. !: 209-230. 
Watson, I .A. and Luig, N.H. (1959) 
Somatic hybridization between Puccirtia graminis var. 
tritici and Puccinia gtaminis var. secalis •. 
Proc. Linn. Soc. N.S.W. 84: 207-208. 
Watson, I.A. and Luig, N.H. (1962) 
Selecting for virulence on wheat while inbreeding 
Puccirtia ·graminis var. ·secalis. 
Proc. Linn. Soc. N.S.W. 87: 39-44. 
Watson, I .A. and Luig, N.H. (1963) 
The classification of Puccinia graminis var. tritici 
in relation to breeding resistant wheats. 
Proc. Linn. Soc. N.S.W. ·s8: 235-258. 
Watson, I .A. and Luig, N.H. (1966) 
SrlS - A new. gene for use in the classification of 
Puccirtia graminis var ~ ·tritici. 
Euphytica ~: 239-250. 
(xiv) 
- ------------------------ - -- - -- -·-
Watson, I.A. ancl Luig, N.H. (1968a) 
The ecology and genetics of host-pathogen relationships 
. . 
in wheat rusts in Australia. 
Proc. Third Intern. Wheat Genet. Symp., Canberra, 
Australia, pp. 227-238. 
Watson, I.A. and Luig, N.H. (1968b) 
Progressive increase of vi rulence in Puccinia graminis 
f. sp . tri tieL 
Phytopath. ~: 70-73. 
Wricke, G. (1969) 
Untersuchungen zur Vererbung der Selbstfertilitat beim 
Roggen (Secale cereale). 
Theoret. Appl. Genet. 39: 371-378. 
(xv) 
